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1.0 INTRODUCTION 

The remediation program for the First Street Turning Basin Site (Site) involves material removal from the 

filled basin, and restoration with a sediment cap. The vertical extent of material removal is such that the 

restored surface elevation will meet the adjacent remediated Remediation Target Area (RTA) 1 of the 

Gowanus Canal Superfund Site. 

To plan for material removal logistics and duration, as well as material removal management operations, 

engineering estimates were performed to approximate the volume to be removed. Additionally, the volume 

estimated for the cap backfill is included within this calculation package. 

 

2.0 REFERENCES 

1. Survey of First Street Turning Basin Area conducted by B. Thayer Associates in October 2017. 

2. United States Environmental Protection Agency (EPA). 2018. 1st Street Turning Basin Sediment Cap 

Treatment Layer Conceptual Design; Gowanus Canal Superfund Site, Brooklyn, New York. October 

15. 

 

3.0 METHODOLOGY AND ASSUMPTIONS 

1. The existing surface of the Site was estimated from the spot elevations in the survey conducted by B. 

Thayer Associates in October 2017 (Reference 1). The existing surface slopes up from west to east.   

a. The average surface elevation on the west end was estimated to be approximately 10 feet (ft) North 

American Vertical Datum of 1988 (NAVD88). 

b. The average surface elevation on the east end was estimated to be approximately 16 ft NAVD88. 

c. The average surface elevation where the intertidal vegetative shelf gets narrower (moving west to 

east) was estimated to be approximately 14.5 ft NAVD88. 

2. The RTA 1 dredge depth of -15 ft NAVD88 and RTA 1 final top of cap elevation of -12.50 ft NAVD88 

were provided by the EPA (Reference 2). To accommodate coordination with the RTA 1 design, the 

excavation depth of the Site at the west end is approximately -16 ft NAVD88. 

3. The excavation surface for the Site generally slopes up (from west to east) at a 1% slope from the mouth 

to the terminus of the basin. 

4. The plan view areas were measured using AutoCAD. 

5. Volumes presented within this calculation package are presented as cubic yards (cy). It is assumed that 

this is ‘in-place cy’, and the calculated removal volumes, do not account for shrinkage or swelling, 

which may occur during removal or placement. 

6. The material removal volumes presented within this calculation package include soil, sediment, and 

debris volume. 
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7. Additional material removal necessary for installation of structural elements includes material 

displaced by installation of pipe piles and trenches for permanent bracing installation.   

a. The project includes: 

 282 20-inch diameter pipe piles with an average length of 65 feet; 

 234 24.5-inch diameter pipe piles with an average length of 82 feet; and 

 151 34.5-inch diameter pipe piles with an average length of 87 feet. 

b. Transverse trenches are assumed to each be approximately 31.5 square feet (sf) in cross section and 

28 feet long, and the total quantity included in the design is approximately 728 linear feet (lf). 

c. Longitudinal trenches are assumed to each be approximately 20 sf in cross-section, and the total 

length included in the design is 880 lf. 

8. A 10% constructability factor was assumed for potential over-excavation (pile installation not included 

in this factor). 

9. The Site cap layers of granular material are as illustrated in Construction Drawings (C-501), and 

include: 

a. Sand (6 inches); 

b. Oleophilic Clay (OC) and Sand (8 inches); 

c. Granulated Activated Carbon (GAC) and Sand (16 inches for Type 1, 29 inches for Type 2 and 3); 

d. Isolation and Filter (6 inches); and 

e. Gravel in Articulated Concrete Block (assumes 6 inches on average across 30% of area). 

10. The Site intertidal vegetative shelf layers of granular material are as illustrated in Construction 

Drawings (C-501), and include: 

a. Gravel (12 inches); 

b. Sand (12 inches); and 

c. Sand Planting Soil (15.2 inches, minimum) 

11. The sand planting soil surface of the intertidal vegetative shelf is tapered up from the minimum 

thickness at 10H:1V slope over the width of the shelf, with dimension calculated in AutoCAD. 

12. Material loss for placement in the wet in the basin was assumed to be 15%, and material loss for 

placement in the semi-dry on the intertidal vegetative shelf was assumed to be 10%. 
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4.0 CALCULATIONS 

4.1 Material Removal Volume in Basin and Intertidal Vegetative Shelf 

Material removal volumes were calculated by hand, as shown on Attachment 1 for the basin and 

intertidal vegetative shelf areas.  Each volume that contributes to the sum was calculated as follows: 

𝑉 = (𝐴 ∗
1

2
(𝐻1 +𝐻2))/27 

 

Where:  V = volume (cy) 

 A = plan view area (sf; calculated in AutoCAD) 

 H = height of the left and right of the profile view of each section (ft) 

 

4.2 Material Removal Volume for Installation of Structural Elements 

Material removal volumes for pipe piles and trenches were calculated by hand, as shown on 

Attachment 1. 

Volume associated with pipe piles was calculated as follows: 

𝑉 = (𝜋 ∗ 𝑟2 ∗ 𝐿)/27 
 

Where:  V = volume (cy) 

 r = radius (ft) 

 L = length (ft) 
 

Volume associated with trenches was calculated as follows: 

𝑉 = (𝐴 ∗ 𝐿)/27 
 

Where: V = volume (cy) 

 A = cross-sectional area (sf) 

 L = length (ft) 

4.3 Cap Placement Volume (Granular Material) in the Basin 

Cap placement volume in the basin was calculated based on the thicknesses provided in assumption 

9, the area of the basin calculated in AutoCAD (see assumption 4), and the estimated material loss 

provided in assumption 12. For each layer: 

𝑉 = (𝐴 ∗ 𝑡 ∗ 𝑚𝑙𝑤)/27 
 

Where: V = volume (cy) 

 A = plan view area (sf; calculated in AutoCAD) 

 t = thickness (ft) 

 mlw = material loss in the wet (115%) 
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For each layer the volumes are calculated as follows: 

Layer Volume (cy) 

Sand 380 

OC and Sand 510 

GAC and Sand 1,650 

Isolation and Filter 380 

Gravel in ACB 110 

Total 3,000 

4.4 Cap Placement Volume (Granular Material) on the Intertidal Vegetative Shelf 

Cap placement volume on the intertidal vegetative shelf was calculated based on the thicknesses 

provided in assumption 10, the area of the intertidal vegetative shelf calculated in AutoCAD (see 

assumption 4), and the estimated material loss provided in assumption 12.  

For each layer: 

𝑉 = (𝐴 ∗ 𝑡 ∗ 𝑚𝑙𝑑)/27 
 

Where: V = volume (cy) 

 A = plan view area (sf; calculated in AutoCAD) 

 t = thickness (ft) 

 mld  = material loss in the semi-dry (110%) 
 

The additional Sand Planting Soil volume for the taper (see assumption 11) was calculated in a 

similar manner, but assuming a triangle instead of a rectangle for the area: 

𝑉 = (𝐴 ∗
1

2
ℎ ∗ 𝑚𝑙𝑑)/27 

 

Where: V = volume (cy) 

 A = plan view area (sf; calculated in AutoCAD) 

 h = height of the tapered layer (ft) 

 mld  = material loss in the semi-dry (110%) 
 

For each layer the volumes are calculated as follows: 

Layer Volume (cy) 

Gravel 340 

Sand 340 

Sand Planting Soil 430 

Sand Planting Soil Wedge 320 

Total 1,400 
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5.0 SUMMARY 

A summary of the removal volumes and granular cap material volumes are below.   

Total Removal Volume Volume (cy) 

Basin and Intertidal Vegetative Shelf 24,900 

Structural Elements 8,400 

Total 33,300 

 

Total Cap Volume Volume (cy) 

Basin  3,000 

Intertidal Vegetative Shelf 1,400 

Total 4,400 
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1.0 INTRODUCTION 

The remediation program for the First Street Turning Basin Site (Site) involves material removal from the 

filled basin, and restoration with a sediment cap. The vertical extent of material removal is such that 

saturated soils will be removed from the excavation below the high-high tide water level to elevation depths 

that allow for construction of a sediment cap. The sediment cap will meet the adjacent remediated 

Remediation Target Area (RTA) 1 of the Gowanus Canal Superfund Site. 

To plan for the treatment of water generated from excavation, engineering estimates were performed to 

approximate the volume of excavation water generated based on low and high excavation production rates 

of 150 cubic yards per day (cy/day) to 500 cy/day. Calculations are summarized as follows. 

 

2.0 REFERENCES 

1. United States Environmental Protection Agency (EPA). 2018. 1st Street Turning Basin Sediment Cap 

Treatment Layer Conceptual Design; Gowanus Canal Superfund Site, Brooklyn, New York. October 

15. 

 

3.0 METHODOLOGY AND ASSUMPTIONS 

1. The low and high excavation production rates are based on previous experience with similar excavation 

projects whereas the high, 500 cy/day, production rate may be associated with excavation of shallow 

saturated soils where less time is required to maneuver equipment and load and unload bucket to scow.  

The low, 150 cy/day, production rate would be associated with loading of soils from deeper excavation 

depths with multiple equipment maneuvers and longer load and bucket retrieval times as well as unload 

times to the scow.  

2. Excavation bucket sizes of 3 cy and/or 5 cy were assumed, where at deeper excavation depths a smaller 

3 cy clamshell or similar crane operated bucket would be assumed. A larger 5 cy bucket was assumed 

to be used for excavators during shallow saturated soils excavation where equipment could be operated 

from grade or along the designated vegetated shelf area until the reach of the excavator is exceeded. 

3. A 30% porosity was assumed for saturated soils. Therefore, maximum water volume contained in the 

excavation soils would be 30% of the soil volume excavated.  

4. Soil water volumes were calculated in cubic feet (ft3) and converted to gallons using the conversion 

factor 1 ft3 is equivalent to 7.48 gallons (1 ft3 = 7.48 gallons).  

5. The specific gravity of liquids (primarily water) was assumed to be 1.0.  No specific gravity (S.G.) or 

density calculations were performed having assumed a S.G. of 1 for the volume of water to be treated. 

6. The number of buckets per day (buckets/day) were calculated based on the low or high daily cy/day 

production rates divided by the single 3 cy or 5 cy bucket volumes. 
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7. A minimum of 6 inches (0.5 feet) of free water, the water contained in the excavation bucket that would 

sit on top of the soils in the bucket as it is retrieved from the turning basin waterway, was assumed to 

be deposited to scow with excavated soils from the bucket. 

8. Excavation bucket dimensions were assumed to coincide with nominal 3 cy and 5 cy volumes, so a 

dimensional square foot area of the bucket could be obtained (length x width). The length x width 

dimensions of the excavation bucket along with assumed 0.5 feet of free water height were calculated 

to generate a daily free water (in gallons) per bucket volume.  

9. The daily subtotal volume of excavation water requiring treatment was calculated as the daily free water 

volume quantities generated plus the 30% pore water volume of the soils with an added 10% 

contingency to account for stormwater infiltration in scow, secondary containment, and/or treatment 

equipment, as well as additional capacity to treat equipment decontamination or washdown waters.  

10. The pore water volume assumes homogenous, poorly drained soils and does not account for debris or 

refusal in the materials removed. 

11. An 8-hour workday was assumed. It was also assumed that water treatment would occur over 6 hours 

to allow the treatment system operator 1 hour in the morning for equipment inspections, treatment 

system start-up, chemical dosing adjustments, etc., and 1 hour in the afternoon to shut-down and secure 

the treatment system. Total low and high calculated excavation water volume (in gallons) were divided 

by 6-hour workdays to calculate a range of minimum and maximum required treatment flow rates in 

gallons per minute (gpm).  

12. It was assumed that no water treatment would occur outside of an 8-hour workday and all water 

treatment for the high, 500 cy/day, excavation production rate would occur within 6 hours. 

13. A cost estimate for holding and hauling (hold & haul) the excavation water for treatment was performed 

for an excavation production rate of 150 cy/day. Whereas, in the event that excavation production rates 

are not anticipated to exceed 150 cy/day, consideration may be given to perform a cost benefit analyses 

of the capital cost for treatment system construction plus operator and maintenance cost versus 

containing excavation water on-site and having it trucked off-site via 7,000 gallon tanker truck for 

treatment at approved Treatment, Storage, Disposal (TSD) facility. 

 

4.0 CALCULATIONS 

4.1 Volume of Water in Excavated Soils 

The volume of water contained within the pore space of saturated soils was calculated as follows. 

 

𝑉𝑠𝑎𝑡 𝑠𝑜𝑖𝑙 𝑝𝑜𝑟𝑒 =  
𝑡𝑜𝑡𝑎𝑙 𝑐𝑦

𝑑𝑎𝑦
𝑥 0.30 = total cy/day of pore space as per the daily excavation production 

rate   

 

𝑉𝑠𝑎𝑡 𝑠𝑜𝑖𝑙 𝑤𝑎𝑡𝑒𝑟 =  (
30% 𝑡𝑜𝑡𝑎𝑙 𝑐𝑦

𝑑𝑎𝑦
 𝑥 27

𝑓𝑡 3

𝑐𝑦
 𝑥 7.48

𝑔𝑎𝑙𝑙𝑜𝑛𝑠

𝑓𝑡3 ) = volume of soil water in gallons/day  
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Where:  V sat soil pore = volume of water in soil pore space in units of cy/day  

 V sat soil water = volume of water in soil pore space in units of gallons/day 

 cy = cubic yards of soil or water  

 1 cy = 27 𝑓𝑡3 of soil or water  

 1 𝑓𝑡3= 7.48 gallons of water at S.G. of 1.0 

 0.30 = assumed porosity poorly drained excavated soils  

 

4.2 Volume of Free Water in Excavation Buckets 

The free water volumes associated with water contained in excavation buckets, sitting on top of 

soils, were calculated as follows. 

𝑉𝑏 𝑓𝑟𝑒𝑒 𝑤𝑎𝑡𝑒𝑟 =  𝐿(𝑏𝑢𝑐𝑘𝑒𝑡 𝑙𝑒𝑛𝑔𝑡ℎ) 𝑥 𝑊 (𝑏𝑢𝑐𝑘𝑒𝑡 𝑤𝑖𝑑𝑡ℎ)𝑥 𝐻𝑓 (ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑟𝑒𝑒 𝑤𝑎𝑡𝑒𝑟 𝑖𝑛 𝑏𝑢𝑐𝑘𝑒𝑡) = 

volume of free water per bucket in units of ft3/bucket   

 

𝑉𝑔 𝑓𝑟𝑒𝑒  𝑤𝑎𝑡𝑒𝑟 =  (
𝑓𝑡 3

𝑏𝑢𝑐𝑘𝑒𝑡𝑠
 𝑥 7.48

𝑔𝑎𝑙𝑙𝑜𝑛𝑠

𝑓𝑡3 ) = volume of free water in gallons/bucket 

 

 𝑉𝑑 𝑓𝑟𝑒𝑒  𝑤𝑎𝑡𝑒𝑟 =  (
𝑏𝑢𝑐𝑘𝑒𝑡𝑠 

𝑑𝑎𝑦
 𝑥 

𝑔𝑎𝑙𝑙𝑜𝑛𝑠

𝑏𝑢𝑐𝑘𝑒𝑡𝑠
) = volume of free water in gallons/day 

 

Where:  Vb  = volume of free water in excavation bucket in units of ft3/bucket 

 Vg  = volume of free water in excavation bucket in units of gallons/bucket 

  Vd  = volume of free water in excavation bucket in units of gallons/day 

 1 cy = 27 𝑓𝑡3 of soil or water  

 1 𝑓𝑡3= 7.48 gallons of water at S.G. of 1.0 

 # buckets/day = daily excavation production rate in 
𝑐𝑦

𝑑𝑎𝑦
 𝑥 

# 𝑏𝑢𝑐𝑘𝑒𝑡𝑠 

𝑐𝑦 𝑜𝑓 𝑏𝑢𝑐𝑘𝑒𝑡 
  

 

4.3 Total Volume of Excavation Water  

The totals of the daily volume of free water plus the daily volume of soil pore water with an added 

10% contingency were as follows. 

𝑉𝑡𝑜𝑡𝑎𝑙 = (𝑉𝑑 𝑓𝑟𝑒𝑒 𝑤𝑎𝑡𝑒𝑟 +  𝑉 𝑠𝑎𝑡 𝑠𝑜𝑖𝑙 𝑤𝑎𝑡𝑒𝑟 )𝑥 1.10  

 

5.0 SUMMARY 

A summary of the daily excavation water volumes and daily design water treatment flow rates are below.   

Daily Excavation  

Production Rate 

(in cy/day) 

Daily Excavation 

Water Volume 

(gal/day) 

Daily Design Water 

Treatment Flow Rate 

(gal/min)1 

150 cy/day 14,163 40 gpm 

500 cy/day 43,609 120 gpm 
Notes: 
1 Assumes water treatment occurs over 6 hours during workday. 
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DESIGN NARRATIVE 

 
Project Description 
 
The First Street Turning Basin site is proposed to be excavated, connected to Gowanus 
Canal and repurposed for small craft navigation.  
 
The Support of Excavation system selected for excavation of the basin comprises 
interlocked pipe pile walls filled with concrete.  The SOE walls are designed to facilitate 
excavation in the wet to reduce the differential loads and hence the structural 
requirements for the SOE walls and reduce construction dewatering volume.  The SOE 
system will also serve as permanent bulkheads for the excavated basin and are 
designed to function as cantilever walls to avoid the need for external anchorage 
beyond the basin property lines that would require permanent access agreements.  
Temporary bracing above the water line and permanent bracing below the sediment cap 
are provided to maintain lateral wall deflections within acceptable limits. 
 
The new bulkhead comprises 34.5-inch diameter interlocked pipe piles reinforced with a 
steel core beams along the south side of the basin and 24.5-inch diameter interlocked 
pipe piles along the north side and east sides; the east side pipe piles will be reinforced 
with steel core beams.  In addition, 20-inch diameter interlocked pipe piles will be 
installed within the basin to support an intertidal vegetative shelf along the north and 
east sides. 
 
The interlocks between pipe piles will be treated with a sealant to create low-
permeability barriers to minimize groundwater flow through the bulkhead. 
 
Design Basis 
 
The SOE walls are designed to support the full active earth pressures, differential 
hydrostatic water pressure and uniform construction surcharge loads for all stages of 
excavation, including bracing installation and removal, as coordinated with the basin 
excavation.  The SOE walls will also serve as permanent bulkheads and are designed to 
resist permanent lateral ground forces, including uniform live load surcharge, active earth 
pressure, differential hydrostatic water pressure and seismic earth pressures accounting 
for liquefied soil conditions.  The earth pressures are computed based on existing grades 
on the north and east sides of the basin and proposed grades on the south side of the 
basin. 
 
SOE/Bulkhead Design Criteria: 
 

• Design Groundwater Elevation = EL. 3.0 (NAVD88) 

• Temporary Construction Surcharge = 600 PSF 

• Live Load Surcharge for Permanent Condition= 250 PSF 
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• Differential Hydrostatic  Water Pressure = 2 feet 

• Design Earthquake (MCE) = 5.75 

• Design Flood Elevation = El. 10 (NAVD88) in AE Zone 
 

Design Methodology 
 
The geotechnical parameters and geological profile used in the SOE/Bulkhead design is 
based on results of the Geotechnical Exploration and are summarized in a MRCE 
technical memorandum, dated December 4, 2017. 
 
Anticipated lateral soil loads applied to SOE/Bulkhead walls, and anticipated passive 
resistance provided by soil to the walls are computed based on soil unit weights and shear 
strengths provided in the December 4, 2017 memorandum.  Similarly, groundwater 
pressures on SOE walls are determined from groundwater levels observed during the 
Geotechnical Exploration. 
 
SOE/Bulkhead walls and bracing elements are designed for forces resulting from the 
applied loads during all stages of construction and permanent condition using Allowable 
Stress Design, where the nominal member strength is divided by a suitable safety factor.  
A maximum of 20% overstress in bending is permitted for the temporary case during 
construction. 
 
Design Considerations 
 
Structural and geotechnical requirements for the design of the SOE/Bulkhead walls are 
described below. 
  
Global Stability 
 
A global stability analysis of the perimeter walls was performed for three cases; temporary 
construction phase, service condition and seismic condition.  The minimum acceptable 
safety factor for each case is 1.3, 1.5 and 1.0, respectively.  Results of the analyses are 
summarized in a MRCE technical memorandum, dated December 8, 2017.    
 
Liquefaction Assessment 
 
A simplified liquefaction assessment was performed to evaluate the liquefaction potential 
of the underlying soils below the ground water table using the Seed and Idriss (1971) 
simplified procedure, as modified by the NCEER Workshops (Youd et al., 2001).  Based 
on the field SPT N-values recorded in the borings, liquefaction potential was evaluated 
using a PGAM of 0.33g for the Maximum Considered Earthquake (MCE) equal to 5.75.  
The results of the analysis are presented in a MRCE technical memorandum, dated 
December 12, 2017. 
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From the analysis, Fill and Sand strata are prone to liquefaction. Liquefied soil properties 
are estimated using the Idriss & Boulanger (2008) procedures.  Seismic soil pressures 
are computed assuming yielding wall conditions using lateral soil coefficients applicable 
to the seismic site class.  In this case, soil passive resistance above EL. -60 is not 
considered due to liquefaction.  Due to absence of passive soil resistance above EL. -60 
and full active driving pressure, the liquefaction criteria governs the design for wall 
structural capacity, embedment depth, and forces for design of permanent bracing. 

Serviceability & Durability 

Limiting lateral deflection of the SOE/Bulkhead wall is critical for limiting ground movements 
behind the walls and potential settlement of adjacent roadways or structures.  The design of the 
SOE/Bulkhead walls is based on limiting lateral deflection of the walls to less than 2.5 inches for 
the temporary and service conditions, and less than 5 inches for the seismic case (with 
liquefaction). 

The design of the Bulkhead pipe pile walls incorporates 1/16-inch loss of steel thickness for 
corrosion allowance.  In addition, the pipe piles will be coated with epoxy to a minimum depth 
below the ground surface, as specified in the Contract Drawings.  The permanent bracing below 
the sediment cap will be galvanized.  The concrete bulkhead cap will be reinforced with epoxy 
coated rebar. 
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PERMANENT CONDITION
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STAGE 1 

EL. -2.0

STAGE 2

EL. -21.5
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SOE Staging - South wall.xls

  Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS   File: 12541

Made By: TC Date: 1/2/2019
FOR          First Street Turning Basin Checked By: SK Date: 1/2/2019

SUBJECT: SOE STAGING SUMMARY : SOUTH RETAINING WALL (34.5" DIA. INTERLOCKED PIPE PILES ADJACENT TO POWERHOUSE SITE)

TABLE 1

Mmax Vmax

k*ft/ft k/ft El. ft El. in

259.2 45.3 -2.0 44.4 -46.4 1.7

104.5 17.1 -21.5 18.3 -39.8 0.10

448.8 34.2 -16.0 -- -- 1.2

1097.7 97.3 -16.0 54.7 -70.0 4.1

* At rest pressure used in stage 3. Active pressure used in all other stages.

*Maximum deflection in each stage occurs at top of wall.

--

Stage 3
Install brace at EL. -18

Remove brace at EL. +1
Raise grade to EL. -16

34.2

No surcharge

600 psf construction 
surcharge

250 psf service 
surcharge

600 psf construction 
surcharge

Stage 2
Install brace at EL. +1
Excavate to El. -21.5

NotesSubgrade 
Elevation

Embedment 
Depth below 

Subgrade
Max. Deflection

k/ft

Stage 4 
Permanent case w/ liquefaction 119.8

Minimum Pile 
Tip Elevation

25.4

Maximum 
Wall 

Shear
SECTION / STAGE

Brace Reaction
Maximum 

Wall 
Moment

-

In
te

rlo
ck

ed
 P

ip
eS

ys
te

m
 

34
" 

O
.D

. x
 0

.8
76

" 
w

/ W
18

x9
7 Stage 1

Excavate to EL. -2
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SOE Staging - South wall.xls

  Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS   File: 12541

Made By: TC Date: 1/2/2019
FOR          First Street Turning Basin Checked By: SK Date: 1/2/2019

SUBJECT: SOE STAGING SUMMARY : SOUTH RETAINING WALL (34.5" DIA. INTERLOCKED PIPE PILES ADJACENT TO POWERHOUSE SITE)

Check
fy 50 ksi
Max M(Static) 448.8
Max M(Seismic) 1097.7

Reqd S M/0.6fy 179.52 in3/ft (Static)
M/fy 263.44 in3/ft (Seismic)

34" O.D. x 0.876" Pipe + W18x97
S available 425.0 in3/ft OK
Stress (static) 12.7 ksi
Stress (seismic) 31.0 ksi

Shear area available 46 in2 (core beam and conc. not included)
16 in2/ft

Shear: Max shear (static) 45.3 k/ft
Max shear (seismic) 97.3 k/ft

Shear area reqd
allowable shear strength 20.0 ksi (0.4Fy)
Static 2.26 in2/ft
Upper bound seismic 4.87 in2/ft OK
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STAGE1
EXCAVATETO EL. -2
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skundu
Text Box
Stage 1: Excavate to EL. -2. Refer to Section-B on SOE-300 and SOE-400.
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skundu
Text Box
Stage 1: Excavate to EL. -2.0 Refer to Section-B on SOE-300 and SOE-400.
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STAGE2
INSTALLBRACE AT EL. 1
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skundu
Text Box
Stage 2: Install Brace at EL. +1.0. Excavate to EL. -21.5. Refer to Section-B on SOE-300 and SOE-400.
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skundu
Text Box
Stage 2: Install brace at EL +1.0. Excavate to EL. -21.5. Refer to Section-B on SOE-300 and SOE-400.



19 of 231



20 of 231



STAGE3 & 4
EXCAVATETO FINAL SUBGRADE
AND INSTALLPERMANENT BRACING
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skundu
Text Box
Stage 3: Install permanent bracing after excavating to final subgrade. Refer to Section-B on SOE-300 and SOE-400
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skundu
Text Box
Stage 3: Install permanent bracing after excavating to final subgrade. Refer to Section-B on SOE-300 and SOE-400.
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skundu
Text Box
Stage 4: Liquefaction case: Refer to Section-B on SOE-300 and SOE-400
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skundu
Text Box
Stage 4: Liquefaction case. Refer to Section-B on SOE-300 and SOE-400.
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AND EAST S 
420 CAROLL ST TO 312 3rd AVE 
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24.5"  DIA. INTERLOCKED PIPE PILE  
PERMANENT CONDITION
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Text Box
Effective stiffness of section without core beam along north wall. Refer to Section-C on SOE-300.



  Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS   File: 12541

Made By: SK Date: 12/21/2018

FOR          First Street Turning Basin Checked By: Date: 12/21/2018

SUBJECT: EFFECTIVE STIFFNESS OF SECTION FOR SOE AT EAST BULKHEAD.

North wall - 24.5" Pipe Core steel W12X106 Composite section

Pipe O.D 24.5 in Moment of Ineria 933 in4 Moment of inertia 3330 in4/ft

Pipe t 0.875 in 457 in4/ft

Pipe I.D 22.75 in E 29000 ksi S avail. 273 in3/ft

Geometry

Corrosion Reduction 0.062 in

Pipe O.D 24.376 in Concrete 
Pipe t 0.813 in Effective Stiffness of Composite Section

Moment of Inertia 12216 in4 EIeff 96583992 k-in2/ft

Moment of Inertia 670722 k-ft
2
/ft

Pipe 4182 in
4

E 4000 ksi

2048 in
4
/ft n= 7.25

Modulus of elasticity E Transformed I 1685 in4

Sheet Pile 29000 ksi 825 in4/ft
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Text Box
Effective stiffness of section with core beam along East Wall. Refer to Section-F on SOE-301.



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 4/16/2019

FOR          First Street Turning Basin Checked By: TC Date: 4/16/2019

SUBJECT: SOE STAGING SUMMARY : NORTH & EAST RETAINING WALLS (24.5" DIA. INTERLOCKED PIPE PILES ADJACENT TO 420 & 440 CARROLL ST.)

Mmax Vmax FS = 1.2 FS = 1.2

k*ft/ft k/ft El. ft El. in

177.2 35.3 -3.07 40.6 -43.7 2.2

203.4 38.6 -3.07 43.0 -46.1 2.5

818.5 94.4 0.7 67.7 -67.0 4.8

*Maximum deflection in each stage occurs at top of wall.

600 psf construction 

surcharge

 Stage 1 (Grade EL. 16.0)

Subgrade @ El. -3.07
--

250 psf construction 

surcharge

E
x

te
ri

o
r 

W
a

ll

2
4

.5
"x

0
.8

7
5

"

Stage 2

Permanent case w/ liquefaction
125.9 No surcharge

 Stage 1 (Grade EL. 13.0)

Subgrade @ El. -3.07

SECTION / STAGE

Brace Reaction

Maximum 

Wall 

Moment

k/ft

Subgrade 

Elevation

--

Embedment 

Depth below 

Subgrade

Max. Deflection

-

Notes

in

Minimum Pile 

Tip Elevation

Maximum 

Wall 

Shear
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 4/16/2019

FOR          First Street Turning Basin Checked By: TC Date: 4/16/2019

SUBJECT: SOE STAGING SUMMARY : NORTH & EAST RETAINING WALLS (24.5" DIA. INTERLOCKED PIPE PILES ADJACENT TO 420 & 440 CARROLL ST.)
Check

fy 50 ksi

Reqd S M/0.6fy 81.38 in
3
/ft (Static) Ext Wall

M/fy 196.44 in
3
/ft (Seismic) Ext Wall

Ext Wall 24.5"x0.875" pipe

Max M 203.4 k-ft (Static)

818.5 k-ft (Seismic)

Max V 94.4 k/ft

S available 241.0 in3/ft OK

Stress (static) 10.1 ksi

Stress (seismic) 40.8 ksi

Shear area available 34.7 in
2
/ft

Shear area reqd 4.7 in
2
/ft OK
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STAGE1
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 4/16/2019

FOR     First Street Turning Basin Checked By: Date: 4/16/2019

SUBJECT: NORTH WALL - SOE STAGING Stage 1

Lateral Earth Pressures:

[ft] [ft] [pcf] [psf] [psf] [psf] (psf) (psf) [ft] [pcf] [psf] [psf] [psf] [psf] [psf] [ft]
13 0 120 0 0.333 1.00 0 240 0 240 13

5 8 120 960 0.333 1.00 320 240 0 560 5

5 0 120 960 0.333 1.00 320 240 0 560 5

4 1 120 1080 0.333 1.00 360 240 0 600 4

4 0 120 1080 0.333 1.00 360 240 0 600 4

3 1 120 1200 0.333 1.00 400 240 62 702 3

3 0 57.6 1200 0.333 1.00 400 100 62 562 3

2 1 57.6 1258 0.333 1.00 419 100 125 644 2

2 0 57.6 1258 0.333 1.00 419 100 125 644 2

-3.07 5.07 57.6 1550 0.333 1.00 517 100 125 741 -3.07

-3.07 0 57.6 1550 0.333 1.00 517 100 125 0 57.6 0 3.0 1.00 0 741 -3.07

-7 3.93 57.6 1776 0.333 1.00 592 100 125 3.93 57.6 226 3.0 1.00 -679 138 -7

-7 0 57.6 1776 0.333 1.00 592 0 125 0 57.6 226 3.0 1.00 -679 38 -7

-17 10 57.6 2352 0.333 1.00 784 125 10 57.6 802 3.0 1.00 -2407 -1498 -17

-17 0 57.6 2352 0.333 1.00 784 125 0 57.6 802 3.00 1.00 -2407 -1498 -17

-19 2 57.6 2467 0.333 1.00 822 125 2 57.6 918 3.00 1.00 -2753 -1806 -19

-19 0 62.6 2467 0.307 1.00 758 125 0 62.6 918 3.25 1.00 -2986 -2103 -19

-21 2 62.6 2592 0.307 1.00 797 125 2 62.6 1043 3.25 1.00 -3394 -2472 -21

-21.5 0.5 62.6 2624 0.307 1.00 806 125 0.5 62.6 1074 3.25 1.00 -3496 -2565 -21.5

-30 8.5 62.6 3156 0.307 1.00 970 125 8.5 62.6 1606 3.25 1.00 -5227 -4133 -30

Active Pressure: Reduction Factors Applied Below Subgrade : 
Passive Pressure: Ra =  1.000

Rp =  1.000

NOTES:
1
  Coefficient of active and passive earth pressure based on Rankine Theory.

2
  Subgrade slopes from ~El. 0.0 to ~El.-1 .0  so avg. EL. -0.5 used as subgrade

3
  Full passive used for analysis.

F

S

γ σv kp Rp c Passive 
Pressurec Ra

Active 
Pressure

600psf 
Construction 
Surcharge

Water 
Pressure H

DRIVING FORCES RESISTING FORCES
Net 

Pressure Elev
Layer 1

Elev H γ σv ka

σa γ H⋅ ka⋅ 2C ka⋅−

σp γ H⋅ kp⋅ 2C kp⋅+
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Text Box
Stage 1(North Wall): Excavate to EL. -3.07 with grade at EL. 13.0 and 600 psf construction surcharge. Refer to Section-C on SOE-300 and SOE-400.



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 4/16/2019

FOR     First Street Turning Basin Checked By: Date: 4/16/2019

SUBJECT: NORTH WALL - SOE STAGING Stage 1

Net Lateral Pressures
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Subgrade El. -3.07
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 4/16/2019

FOR     First Street Turning Basin Checked By: Date: 4/16/2019

SUBJECT: NORTH WALL - SOE STAGING Stage 1

240

560
560

600600
702562

644644

741741

13838

-1498-1498

-1806 -2103

-2472
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Grade El. 13

Subgrade El. -3.07
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MUESER RUTLEDGE CONSULTING ENGINEERS

Cantilever v3.0 BETA for Windows, 32-bit

Subject: 

INPUT

-----

Interval
     P        Q      Lengths
  -------  -------   --------
    0.240    0.560      8.000
    0.560    0.600      1.000
    0.600    0.702      1.000
    0.562    0.644      1.000
    0.644    0.741      5.070
    0.741    0.138      3.930
    0.038   -1.498     10.000
   -1.498   -1.806      2.000

Passive pressure at subgrade : 2.103
Passive pressure slope : .186
Flexural rigidity : 591385

OUTPUT

------

At end of int. 1, Shear=   3.20, Moment=  11.09
At end of int. 2, Shear=   3.78, Moment=  14.58
At end of int. 3, Shear=   4.43, Moment=  18.68
At end of int. 4, Shear=   5.03, Moment=  23.40
At end of int. 5, Shear=   8.54, Moment=  57.62
At end of int. 6, Shear=  10.27, Moment=  95.37
At end of int. 7, Shear=   2.97, Moment= 174.39
At end of int. 8, Shear=  -0.33, Moment= 177.13

D= 11.14 embedment below subgrade with F.S.= 1

Total Length of sheetpile is 43.14

Depth of max. moment= 31.81

Max. moment= 177.17

Depth of max. shear= 43.14
Max. shear= 35.30
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NORTH WALL
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Text Box
Stage 1: Excavate to EL. -3.07 with grade at EL. 13.0 and 600 psf construction surcharge. Refer to Section-C on SOE-300 and SOE-400. Cantilevered North Wall.



===============================================
      X            V            M         Defl.
-----------------------------------------------
    0.00 0.00 0.00 0.18
    2.16 0.61 0.63 0.16
    4.31 1.41 2.77 0.15
    6.47 2.39 6.83 0.14
    8.63 3.56        13.21 0.12
   10.78 4.90        22.33 0.11
   12.94 6.32        34.42 0.10
   15.10 7.83        49.67 0.08
   17.26 9.32        68.23 0.07
   19.41        10.16        89.37 0.06
   21.57        10.14       111.44 0.05
   23.73 9.35       132.59 0.04
   25.88 7.84       151.25 0.03
   28.04 5.61       165.89 0.02
   30.20 2.67       174.95 0.01
   32.35        -1.09       176.88 0.01
   34.51        -6.20       169.18 0.00
   36.67       -12.18       149.51 0.00
   38.83       -19.02       116.02 0.00
   40.98       -26.73        66.84 0.00
   43.14       -35.30 0.11 0.00
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Moment  (M/Mmax)

   -1.0           -0.5 0.0 0.5 1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0 :
  2.2 |:
  4.3 |:
  6.5 |:
  8.6 | :
 10.8 |   :
 12.9                              |     :
 15.1 |       :
 17.3 | :
 19.4 | :
 21.6 | :
 23.7 | :        
 25.9 | :    
 28.0 | :  
 30.2 | :
 32.4 | :
 34.5 | : 
 36.7 | :     
 38.8 | :
 41.0 | :
 43.1 |:

Shear  (V/Vmax)

   -1.0           -0.5 0.0 0.5 1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0 :
  2.2 |:
  4.3 |:
  6.5 | :
  8.6 |  :
 10.8 |   :
 12.9 |    :
 15.1 |      :
 17.3 |       :
 19.4 |        :
 21.6 |        :
 23.7 |       :
 25.9 |      :
 28.0 |    :
 30.2 | :
 32.4 :|
 34.5 :     |
 36.7 : |
 38.8 : |
 41.0       : |
 43.1: |
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 12/21/2018

FOR     First Street Turning Basin Checked By: Date: 12/21/2018

SUBJECT: SOE STAGING AT NORTHEAST CORNER AND EAST WALL Stage 1

Lateral Earth Pressures:

[ft] [ft] [pcf] [psf] [psf] [psf] (psf) (psf) [ft] [pcf] [psf] [psf] [psf] [psf] [psf] [ft]
16 0 120 0 0.333 1.00 0 100 0 100 16

6 10 120 1200 0.333 1.00 400 100 0 500 6

6 0 120 1200 0.333 1.00 400 50 0 450 6

4 2 120 1440 0.333 1.00 480 50 0 530 4

4 0 120 1440 0.333 1.00 480 50 0 530 4

3 1 120 1560 0.333 1.00 520 50 62 632 3

3 0 57.6 1560 0.333 1.00 520 50 62 632 3

2 1 57.6 1618 0.333 1.00 539 50 125 714 2

2 0 57.6 1618 0.333 1.00 539 50 125 714 2

-3.07 5.07 57.6 1910 0.333 1.00 637 50 125 811 -3.07

-3.07 0 57.6 1910 0.333 1.00 637 50 125 0 57.6 0 3.0 1.00 0 811 -3.07

-4 0.93 57.6 1963 0.333 1.00 654 50 125 0.93 57.6 54 3.0 1.00 -161 668 -4

-4 0 57.6 1963 0.333 1.00 654 0 125 0 57.6 54 3.0 1.00 -161 618 -4

-17 13 57.6 2712 0.333 1.00 904 125 13 57.6 802 3.0 1.00 -2407 -1378 -17

-17 0 57.6 2712 0.333 1.00 904 125 0 57.6 802 3.00 1.00 -2407 -1378 -17

-19 2 57.6 2827 0.333 1.00 942 125 2 57.6 918 3.00 1.00 -2753 -1686 -19

-19 0 62.6 2827 0.307 1.00 869 125 0 62.6 918 3.25 1.00 -2986 -1993 -19

-21 2 62.6 2952 0.307 1.00 907 125 2 62.6 1043 3.25 1.00 -3394 -2362 -21

-21.5 0.5 62.6 2984 0.307 1.00 917 125 0.5 62.6 1074 3.25 1.00 -3496 -2454 -21.5

-30 8.5 62.6 3516 0.307 1.00 1080 125 8.5 62.6 1606 3.25 1.00 -5227 -4022 -30

Active Pressure: Reduction Factors Applied Below Subgrade : 
Passive Pressure: Ra =  1.000

Rp =  1.000

NOTES:
1
  Coefficient of active and passive earth pressure based on Rankine Theory.

2
  Subgrade slopes from ~El. 0.0 to ~El.-1 .0  so avg. EL. -0.5 used as subgrade

3
  Full passive used for analysis.

F

S

γ σv kp Rp c Passive 
Pressurec Ra

Active 
Pressure

250psf 
Construction 
Surcharge

Water 
Pressure H

DRIVING FORCES RESISTING FORCES
Net 

Pressure Elev
Layer 1

Elev H γ σv ka

σa γ H⋅ ka⋅ 2C ka⋅−

σp γ H⋅ kp⋅ 2C kp⋅+
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Text Box
Stage 1 (East Wall): Excavate to EL. -3.07 with grade at EL. 16.0 and 250 psf surcharge. Refer to Section-F on SOE-301 and SOE-401.



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 12/21/2018

FOR     First Street Turning Basin Checked By: Date: 12/21/2018

SUBJECT: SOE STAGING. AT NORTHEAST CORNER AND EAST WALL Stage 1

Net Lateral Pressures
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 12/21/2018

FOR     First Street Turning Basin Checked By: Date: 12/21/2018

SUBJECT: SOE STAGING. AT NORTHEAST CORNER AND EAST WALL Stage 1
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Grade El. 16

Subgrade El. -3.07
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MUESER RUTLEDGE CONSULTING ENGINEERS 

Cantilever v3.0 BETA for Windows, 32-bit 

Subject: 

INPUT 

----- 

  Interval 
  P  Q    Lengths 

  -------  -------   -------- 
 0.100    0.500  10.000 
 0.450  0.530   2.000 
 0.530  0.632   1.000 
 0.632  0.714   1.000 
 0.714  0.811   5.070 
 0.811  0.668   0.930 
 0.618 -1.378  13.000 
-1.378   -1.686  2.000 

Passive pressure at subgrade : 1.993 
Passive pressure slope : .184 
Flexural rigidity : 752100 

OUTPUT 

------ 

At end of int. 1, Shear=   3.00, Moment=  11.67 
At end of int. 2, Shear=   3.98, Moment=  18.62 
At end of int. 3, Shear=   4.56, Moment=  22.88 
At end of int. 4, Shear=   5.23, Moment=  27.77 
At end of int. 5, Shear=   9.10, Moment=  63.90 
At end of int. 6, Shear=   9.79, Moment=  72.69 
At end of int. 7, Shear=   4.85, Moment= 195.93 
At end of int. 8, Shear=   1.78, Moment= 202.67 

D= 12.74 embedment below subgrade with F.S.= 1 

Total Length of sheetpile is 47.74 

Depth of max. moment= 35.86 
Max. moment= 203.44 

Depth of max. shear= 47.74 
Max. shear= 38.55 

=============================================== 
 X    V    M  Defl. 

----------------------------------------------- 
 0.00   0.00   0.00  0.19 
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NORTHEAST CORNER AND EAST WALL

skundu
Text Box
Stage 1: Excavate to EL. -3.07 with grade at EL. 16.0 and 250 psf surcharge - Cantilevered east wall. Refer to Section-F on SOE-301 and SOE-401.



 2.39   0.35   0.38  0.18 
 4.77   0.93   1.87  0.16 
 7.16   1.74   5.01  0.15 
 9.55   2.78    10.36    0.13 

   11.94   3.95    18.37  0.12 
   14.32   5.47    29.50  0.11 
   16.71   7.24    44.64  0.09 
   19.10   9.12    64.15  0.08 
   21.48  10.54  87.82    0.07 
   23.87    11.03   113.73  0.05 
   26.26    10.65   139.78  0.04 
   28.65   9.39   163.87  0.03 
   31.03   7.26   183.93  0.02 
   33.42   4.26   197.85  0.02 
   35.81   0.12   203.44  0.01 
   38.19  -5.52  197.20  0.01 
   40.58  -12.21  176.25  0.00 
   42.97  -19.94  138.09  0.00 
   45.36  -28.72  80.22    0.00 
   47.74  -38.55  0.14  0.00 

  Moment  (M/Mmax) 

   -1.0           -0.5    0.0  0.5    1.0 
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+ 
  0.0   :  
  2.4   |: 
  4.8   |: 
  7.2   |: 
  9.5    | :   
 11.9   |  :  
 14.3   |   : 
 16.7   |   :  
 19.1   |   :  
 21.5   |   :  
 23.9   |   :  
 26.3   |   :   
 28.6   |    :  
 31.0   |    : 
 33.4   |    : 
 35.8   |   : 
 38.2   |    : 
 40.6   |   :  
 43.0   |    : 
 45.4    |    : 
 47.7   |: 

  Shear  (V/Vmax) 

   -1.0           -0.5    0.0  0.5    1.0 
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+ 
  0.0   :  
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  2.4   |: 
  4.8   |: 
  7.2    |: 
  9.5   | :   
 11.9   |  :  
 14.3   |   : 
 16.7   |     : 
 19.1   |   :  
 21.5   |    : 
 23.9   |   :  
 26.3   |    : 
 28.6   |   :  
 31.0   |     : 
 33.4   |  :  
 35.8   |: 
 38.2    :  |  
 40.6   :   |  
 43.0    :   |  
 45.4   :   |  
 47.7:  |  
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 12/20/2018

FOR     First Street Turning Basin Checked By: Date: 12/20/2018

SUBJECT: NORTH WALL. LIQUEFACTION CASE Stage 2

Lateral Earth Pressures: For Anchwall Analysis Bottom of liquefiable layer @ EL -60

[ft] [ft] [pcf] [psf] [psf] [psf] (psf) (psf) [ft] [pcf] [psf] [psf] [psf] [psf] [psf] [ft]
17 0 120 0 0.333 1.00 0 0 0 17

7 10 120 1200 0.333 1.00 400 0 400 7

7 0 120 1200 0.333 1.00 400 0 400 7

4 3 120 1560 0.333 1.00 520 0 520 4

4 0 120 1560 0.333 1.00 520 0 520 4

3 1 120 1680 0.333 1.00 560 62 622 3

3 0 57.6 1680 0.333 1.00 560 62 622 3

2 1 57.6 1738 0.333 1.00 579 125 704 2

2 0 57.6 1738 0.333 1.00 579 125 704 2

0.7 1.3 57.6 1812 0.333 1.00 604 125 729 0.7

0.7 0 57.6 1812 0.333 1.00 604 125 0 57.6 0 0.0 1.00 0 729 0.7

-7 7.7 57.6 2256 0.333 1.00 752 125 7.7 57.6 444 0.0 1.00 0 877 -7

-7 0 57.6 2256 0.333 1.00 752 125 0 57.6 444 0.0 1.00 0 877 -7

-17 10 57.6 2832 0.333 1.00 944 125 10 57.6 1020 0.0 1.00 0 1069 -17

-17 0 57.6 2832 0.333 1.00 944 125 0 57.6 1020 0.00 1.00 0 1069 -17

-19 2 57.6 2947 0.333 1.00 982 125 2 57.6 1135 0.00 1.00 0 1107 -19

-19 0 62.6 2947 1.000 1.00 2947 125 0 62.6 1135 0.00 1.00 0 3072 -19

-60 41 62.6 5514 1.000 1.00 5514 125 41 62.6 3701 0.00 1.00 0 5639 -60

-60 0 62.6 5514 0.307 1.00 1694 125 0 62.6 3701 3.25 1.00 -12046 -10227 -60

-70 10 62.6 6140 0.307 1.00 1887 125 10 62.6 4327 3.25 1.00 -14084 -12072 -70

-70 0 62.6 6140 0.307 1.00 1887 125 0 62.6 4327 3.25 1.00 -14084 -12072 -70

Active Pressure: Reduction Factors Applied Below Subgrade : 
Passive Pressure: Ra =  1.000

Rp =  1.000

NOTES:
1
  Coefficient of active and passive earth pressure based on Rankine Theory.

2
  Subgrade slopes from ~El. 1.5 to ~El.0 - so avg. EL. 1 used as subgrade

3
  Full passive used for analysis.

DRIVING FORCES RESISTING FORCES
Net 

Pressure Elev
Layer 1

Elev H γ σv ka c Passive 
Pressurec Ra

Active 
Pressure

No 
Construction 
Surcharge

Water 
Pressure H

F

S

γ σv kp Rp

σa γ H⋅ ka⋅ 2C ka⋅−

σp γ H⋅ kp⋅ 2C kp⋅+
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Liquefaction case: Refer to Section-F on SOE-301 and SOE-401.



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 12/20/2018

FOR  First Street Turning Basin Checked By: Date: 12/20/2018

SUBJECT: NORTH WALL. LIQUEFACTION CASE Stage 2

Net Lateral Pressures
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 12/20/2018

FOR     First Street Turning Basin Checked By: Date: 12/20/2018

SUBJECT: NORTH WALL. LIQUEFACTION CASE. Stage 2
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NORTH WALL LIQUEFACTION CASE
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Text Box
Liquefaction case: Refer to Section-F on SOE-301 and SOE-401.
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INTERIOR WALL FOR 
INTERTIDAL VEGETATIVE SHELF

(20 INTERLOCKED PIPE PILES)  
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20"  DIA. INTERLOCKED PIPE PILE  
PERMANENT CONDITION
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  Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS   File: 12541

Made By: TC/SK Date: 3/18/2019
FOR          First Street Turning Basin Checked By: SK/AA Date: 3/18/2019

SUBJECT: SOE STAGING SUMMARY : INTERIOR RETAINING WALL (20.5" DIA. INTERLOCKED PIPE PILES) FOR INTERTIDAL VEGETATIVE SHELF

Mmax Vmax FS = 1.2 FS = 1.2

k*ft/ft k/ft El. ft El. in

47.6 5.2 -21.5 11.5 -33.0 0.3

388.0 73.6 -3.07 1.9 AT EL 2.0

37.2 9.9 -18.5 5.4 -23.9 0.1

197.4 18.8 -18.5 44.0 -62.5
1.96 AT EL. -40.7

1.72 AT TOP OF WALL

161.7 17.0 -18.5 42.8 -61.3 1.4

*Maximum deflection in each stage occurs at top of wall unless otherwise noted.

Notes

Service loading 600 

PSF Surcharge

in

-

Maximum 

Wall 

Moment

Minimum Pile 

Tip Elevation

Maximum 

Wall 

Shear
Subgrade 

Elevation

Embedment 

Depth below 

Subgrade

Max. Deflection

27.4

15.4

No surcharge FS:1

Case 5

Liquefaction case: Contribution to driving forces on 

interior wall including resistance to passive pressures from 

North wall 

SECTION / STAGE

Brace Reaction

k/ft

5.3
Case 1

Wall moves South :Temporary Brace @ EL. +1

18.1

Case 4

Liquefaction case: Contribution to driving forces on 

interior wall without resistance to passive pressures from 

North wall 

Case 2

Wall moves North : Subjected to temporary bracing 

reaction from South using soil spring stiffness

- -

No surcharge; 

Temporary bracing 

12.7kip/ft/ft

In
te

ri
o

r 
W

a
ll

2
0

"x
0

.6
2

5
" Case 3

Service Codition: Contribution to driving forces on interior 

wall including resistance to passive pressures from North 

wall 

No surcharge FS:1

600psf surcharge
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  Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS   File: 12541

Made By: TC/SK Date: 3/18/2019
FOR          First Street Turning Basin Checked By: SK/AA Date: 3/18/2019

SUBJECT: SOE STAGING SUMMARY : INTERIOR RETAINING WALL (20.5" DIA. INTERLOCKED PIPE PILES) FOR INTERTIDAL VEGETATIVE SHELF
Check

fy 50 ksi

Max M 388.0 k-ft

Max V 73.6 k/ft

Reqd S M/0.66fy 141.09 in
3
/ft (Static) Int Wall

20"x0.625" pipe

S available 147.0 in
3
/ft OK

Stress (static) 31.7 ksi

Shear: Shear area available 19 in
2
/ft

Shear area reqd 3.68 in
2
/ft OK

67 of 231



68 of 231

skundu
Text Box
Subgrade EL -21.5 (accounting for 3.5 ft tremie concrete + 2 ft over-excavation)



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: TC/
SK

Date: 3/18/2019

FOR     First Street Turning Basin Checked By: Date: 3/18/2019

SUBJECT: INTERLOCKED PIPE PILE INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF- SOE STAGING - CASE 1 case 1

Lateral Earth Pressures: Interior Wall Moves Towards South with 600psf surcharge

[ft] [ft] [pcf] [psf] [psf] [psf] (psf) (psf) [ft] [pcf] [psf] [psf] [psf] [psf] [psf] [ft]
17 0 0 0 0.333 1.00 0 0 0 17.00

4 13 0 0 0.333 1.00 0 0 0 4.00

4 0 0 0 0.333 1.00 0 0 0 4.00

2 2 0 0 0.333 1.00 0 125 125 2.00

2 0 0 0 0.333 1.00 0 125 125 2.00

-3 5 0 0 0.333 1.00 0 125 125 -3.00

-3 0 0 0 0.333 1.00 0 125 125 -3.00

-3.07 0.07 57.6 4 0.333 1.00 1 0 125 126 -3.07

-3.07 0 57.6 4 0.333 1.00 1 240 125 366 -3.07

-13.07 10 57.6 580 0.333 1.00 193 240 125 558 -13.07

-13.07 0 57.6 580 0.333 1.00 193 100 125 418 -13.07

-19 5.93 57.6 922 0.333 1.00 307 100 125 532 -19.00

-19 0 62.6 922 0.307 1.00 283 100 125 508 -19.00

-21.5 2.5 62.6 1078 0.307 1.00 331 100 125 556 -21.50

-21.5 0 62.6 1078 0.307 1.00 331 100 125 0 62.6 0 3.3 1.00 0 556 -21.50

-23.07 1.57 62.6 1176 0.307 1.00 361 100 125 1.57 62.6 98.28 3.3 1.00 -320 266 -23.07

-23.07 0 62.6 1176 0.307 1.00 361 0 125 0 62.6 98.28 3.3 1.00 -320 166 -23.07

-30 6.93 62.6 1610 0.307 1.00 495 125 6.93 62.6 532.1 3.3 1.00 -1732 -1112 -30.00

-30 0 62.6 1610 0.307 1.00 495 125 0 62.6 532.1 3.3 1.00 -1732 -1112 -30.00

-60 30 62.6 3488 0.307 1.00 1072 125 30 62.6 2410 3.3 1.00 -7844 -6647 -60.00

Active Pressure: Reduction Factors Applied Below Subgrade : 
Passive Pressure: Ra =  1.000

Rp =  1.000

NOTES:
1
  Coefficient of active and passive earth pressure based on Rankine Theory.

2
  Subgrade at EL-16

DRIVING FORCES RESISTING FORCES
Net 

Pressure Elev
Layer 1

Elev H γ σv ka c Passive 
Pressurec Ra

Active 
Pressure

600psf 
construction
surcharge

Water 
Pressure H

F

S

γ σv kp Rp

σa γ H⋅ ka⋅ 2C ka⋅−

σp γ H⋅ kp⋅ 2C kp⋅+
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: TC/
SK

Date: 3/18/2019

FOR     First Street Turning Basin Checked By: Date: 3/18/2019

SUBJECT: INTERLOCKED PIPE PILE INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF- SOE STAGING - CASE 1 case 1
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: TC/
SK

Date: 3/18/2019

FOR     First Street Turning Basin Checked By: Date: 3/18/2019

SUBJECT: INTERLOCKED PIPE PILE INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF- SOE STAGING - CASE 1 case 1
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MUESER RUTLEDGE CONSULTING ENGINEERS

Anchored Wall Analysis V2.1 for Windows

Subject:

FREE EARTH METHOD
For an anchored wall with the following input:

   p (ksf)   q (ksf)   interval (ft)
 -------------------------------------------

    0.000  0.000    13.00
    0.000  0.125     7.00
    0.125  0.126     0.07
    0.366  0.558    10.00
    0.418  0.532     5.93
    0.508  0.556     2.50
    0.556  0.266     1.57

   Pressure at slope (ksf):  -0.166
   Pressure slope (ksf/ft):  0.184

   Flexural rigidity of wall [EI] (k-ft^2):  293724

   Distance from top of wall to anchor (ft):  16

 Results from analysis:
 ----------------------

 d =     9.57 ft embedment below z =   38.50
 with FS=1.0

 Total wall length =   48.07 ft

 Anchor Pull =   5.30 k/ft
 Moment at anchor =   0.08 k-ft/ft
 Shear at anchor =   5.22 k/ft

 Maximum positive moment =   47.60 k-ft/ft

 Maximum moment =   47.60 k-ft/ft
 Location of maximum moment =   30.62 ft below top of wall

 Maximum shear =   5.22 k/ft

 Maximum load =   -1.31 ksf/ft
 Maximum defl. =   0.32 in at   0.00 ft below top of wall
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INTERIOR WALL FOR INTERTIDAL 
VEGETATIVE SHELF.

skundu
Text Box
Case 1: Wall moves south (Temporary brace at EL. +1.0)Refer to Section-B on SOE-300 and SOE-400.



   X           P           V           M    DEF
  (ft)      (ksf/ft)     (k/ft)    (k-ft/ft)   (in)

------------------------------------------------------------------
  0.00  0.00  0.00  0.00  0.32
  2.40  0.00  0.00  0.00  0.27
  4.81  0.00  0.00  0.00  0.22
  7.21  0.00  0.00  0.00  0.18
  9.61  0.00  0.00  0.00  0.13
 12.02  0.00  0.00  0.00  0.08
 14.42  0.03  0.02    -0.01  0.03
 16.82  0.07    -5.17  4.20    -0.02
 19.23  0.11    -4.95    16.38    -0.06
 21.63  0.40    -4.26    27.63    -0.11
 24.04  0.44    -3.25    36.67    -0.14
 26.44  0.49    -2.13    43.16    -0.17
 28.84  0.53    -0.90    46.83    -0.19
 31.25  0.44  0.27    47.51    -0.20
 33.65  0.49  1.39    45.54    -0.19
 36.05  0.51  2.61    40.75    -0.18
 38.46  0.56  3.89    32.96    -0.15
 40.86  0.02  4.63    22.44    -0.12
 43.26    -0.42  4.15    11.67    -0.08
 45.67    -0.86  2.61  3.34    -0.04
 48.07    -1.31  0.00    -0.01  0.00

   Pressure    (P/Pmax)

 1.0      0.5      0.0      -.5     -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0  *
  2.4     *
  4.8     *
  7.2     *
  9.6     *
 12.0     *
 14.4    *|
 16.8 * |
 19.2 * |
 21.6 * |
 24.0    *  |
 26.4   *   |
 28.8  * |
 31.2    *  |
 33.6   *   |
 36.1  * |
 38.5    *  |
 40.9 *
 43.3 |   *
 45.7 |    *
 48.1 |  *
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  Moment    (M/Mmax)

 1.0      0.5      0.0      -.5     -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0  *
  2.4  *
  4.8  *
  7.2  *
  9.6  *
 12.0  *
 14.4  *
 16.8  |  *
 19.2  |   *
 21.6  |    *
 24.0  |    *
 26.4  |  *
 28.8  |  *
 31.2  |  *
 33.6  |    *
 36.1  |    *
 38.5  |  *
 40.9  |    *
 43.3  |   *
 45.7  | *
 48.1  *

   Shear    (V/Vmax)

 1.0      0.5      0.0      -.5     -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0  *
  2.4  *
  4.8  *
  7.2  *
  9.6  *
 12.0  *
 14.4  *
 16.8*     |
 19.2  *   |
 21.6  *  |
 24.0    *   |
 26.4  *  |
 28.8 * |
 31.2  | *
 33.6  |    *
 36.1  |  *
 38.5  |   *
 40.9  |  *
 43.3  |  *
 45.7  |  *
 48.1  *
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 Deflection    (DELTA/DELTAmax)

 1.0      0.5      0.0      -.5     -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0  |  *
  2.4  |   *
  4.8  |  *
  7.2  |   *
  9.6  |  *
 12.0  |   *
 14.4  |  *
 16.8 * |
 19.2 * |
 21.6    *  |
 24.0    *  |
 26.4    *  |
 28.8  * |
 31.2    *  |
 33.6  * |
 36.1   *   |
 38.5   *   |
 40.9   *   |
 43.3 * |
 45.7 * |
 48.1 *
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Subgrade EL -21.5 (accounting for 3.5 ft tremie concrete + 2 ft over-excavation)



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 3/13/2019

FOR     First Street Turning Basin Checked By: Date: 3/13/2019

SUBJECT: INTERLOCKED PIPE PILE INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF- SOE STAGING - CASE 2 case 2

Lateral Earth Pressures: Interior Wall subjected to temporary bracing reaction

[ft] [ft] [pcf] [psf] [psf] [psf] (psf) (psf) [ft] [pcf] [psf] [psf] [psf] [psf] [psf] [ft]
17 0 0 0 0.333 1.00 0 0 17.00

2 15 0 0 0.333 1.00 0 0 0 2.00

2 0 0 0 0.333 1.00 0 12700 12700 2.00

1 1 0 0 0.333 1.00 0 12700 12700 1.00

1 0 0 0 0.333 1.00 0 12700 12700 1.00

0 1 0 0 0.333 1.00 0 12700 12700 0.00

0 0 0 0 0.333 1.00 0 0 0 0.00

-3.07 3.07 0 0 0.333 1.00 0 0 -3.07

-3.07 0 0 0 0.333 1.00 0 0 57.6 0.0 3.0 1.00 0 0 -3.07

-16 12.93 0 0 0.333 1.00 0 12.93 57.6 744.8 3.0 1.00 -2234 -2234 -16.00

-16 0 0 0 0.333 1.00 0 0 57.6 744.8 3.0 1.00 -2234 -2234 -16.00

-19 3 0 0 0.333 1.00 0 3 57.6 917.6 3.0 1.00 -2753 -2753 -19.00

-19 0 0 0 0.307 1.00 0 0 62.6 917.6 3.3 1.00 -2986 -2986 -19.00

-21.5 2.5 0 0 0.307 1.00 0 2.5 62.6 1074 3.3 1.00 -3496 -3496 -21.50

-21.5 0 62.6 0 0.307 1.00 0 0 62.6 1074 3.3 1.00 -3496 -3496 -21.50

-35 13.5 62.6 845 0.307 1.00 260 13.5 62.6 1919 3.3 1.00 -6246 -5986.4 -35.00

Active Pressure: Reduction Factors Applied Below Subgrade : 
Passive Pressure: Ra =  1.000

Rp =  1.000

NOTES:
1
  Coefficient of active and passive earth pressure based on Rankine Theory.

2
  Subgrade at EL-3.07

* Temporary bracing effect accounts for 25.4 klf from South wall distributed over 2 ft length.

DRIVING FORCES RESISTING FORCES
Net 

Pressure Elev
Layer 1

Elev H γ σv ka c Passive 
Pressurec Ra

Active 
Pressure

600psf 
construction
surcharge

Temporary 
bracing 
effect

H

F

S

γ σv kp Rp

σa γ H⋅ ka⋅ 2C ka⋅−

σp γ H⋅ kp⋅ 2C kp⋅+
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 3/13/2019

FOR     First Street Turning Basin Checked By: Date: 3/13/2019

SUBJECT: INTERLOCKED PIPE PILE INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF- SOE STAGING - CASE 2 case 2
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 3/13/2019

FOR     First Street Turning Basin Checked By: Date: 3/13/2019

SUBJECT: INTERLOCKED PIPE PILE INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF- SOE STAGING - CASE 2 case 2
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 Sheet No.     of  
MUESER RUTLEDGE CONSULTING ENGINEERS      File: 12541

Made By: SK Date: 3/12/2019
Checked By: Date:FOR: FIRST ST TURNING BASIN

SUBJECT: INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF. CASE 2B-SOIL SPRING STIFFNESS

SPRING STIFFNESS FOR PIPE PILE

STRATA ELEVATION BUOYANT UNIT
WEIGHT

LATERAL SUBGRADE 
MODIFICATION 

FACTOR
VERTICAL PRESSURE NORMALIZED 

DEPTH

LATERAL 
SUBGRADE 
MODULUS

WIDTH OF WALL f*z/d TRIBUTARY 
AREA RED. FACTOR SOIL SPRING AVERAGE

EL b f v v / b f*z d kh EL*d RF k=kh*A*RF
(FT) (PSF) (KCF) (KSF) (FT)  - z (KSF) (FT) (KCF) A (SF) (kip/in)
-3.07 57.6 20 0 0.0000 0.0000 1 0.0000 0.5 1 0.0288

-4 57.6 20 0.0576 1.0000 20.0000 1 20.0000 1 1 1.6667
-5 57.6 20 0.1152 2.0000 40.0000 1 40.0000 1 1 3.3333
-6 57.6 20 0.1728 3.0000 60.0000 1 60.0000 1 1 5.0000
-7 57.6 20 0.2304 4.0000 80.0000 1 80.0000 1 1 6.6667
-8 57.6 20 0.288 5.0000 100.0000 1 100.0000 1 1 8.3333
-9 57.6 20 0.3456 6.0000 120.0000 1 120.0000 1 1 10.0000
-10 57.6 20 0.4032 7.0000 140.0000 1 140.0000 1 1 11.6667
-11 57.6 20 0.4608 8.0000 160.0000 1 160.0000 1 1 13.3333
-12 57.6 20 0.5184 9.0000 180.0000 1 180.0000 1 1 15.0000
-13 57.6 20 0.576 10.0000 200.0000 1 200.0000 1 1 16.6667
-14 57.6 20 0.6336 11.0000 220.0000 1 220.0000 1 1 18.3333
-15 57.6 20 0.6912 12.0000 240.0000 1 240.0000 1 1 20.0000
-16 57.6 20 0.7488 13.0000 260.0000 1 260.0000 1 1 21.6667
-17 57.6 20 0.8064 14.0000 280.0000 1 280.0000 1 1 23.3333
-18 57.6 20 0.864 15.0000 300.0000 1 300.0000 1 1 25.0000
-19 57.6 20 0.9216 16.0000 320.0000 1 320.0000 1 1 26.6667
-19 62.6 20 0.9216 14.7220 294.4409 1 294.4409 1 1 24.5367
-20 62.6 20 0.9842 15.7220 314.4409 1 314.4409 1 1 26.2034
-21 62.6 20 1.0468 16.7220 334.4409 1 334.4409 1 1 27.8701
-22 62.6 20 1.1094 17.7220 354.4409 1 354.4409 1 1 29.5367
-23 62.6 20 1.172 18.7220 374.4409 1 374.4409 1 1 31.2034
-24 62.6 20 1.2346 19.7220 394.4409 1 394.4409 1 1 32.8701
-25 62.6 20 1.2972 20.7220 414.4409 1 414.4409 1 1 34.5367
-26 62.6 20 1.3598 21.7220 434.4409 1 434.4409 1 1 36.2034
-27 62.6 20 1.4224 22.7220 454.4409 1 454.4409 1 1 37.8701
-28 62.6 20 1.485 23.7220 474.4409 1 474.4409 1 1 39.5367
-29 62.6 20 1.5476 24.7220 494.4409 1 494.4409 1 1 41.2034
-30 62.6 20 1.6102 25.7220 514.4409 1 514.4409 1 1 42.8701
-31 62.6 20 1.6728 26.7220 534.4409 1 534.4409 1 1 44.5367
-32 62.6 20 1.7354 27.7220 554.4409 1 554.4409 1 1 46.2034
-33 62.6 20 1.798 28.7220 574.4409 1 574.4409 1 1 47.8701
-34 62.6 20 1.8606 29.7220 594.4409 1 594.4409 1 1 49.5367
-35 62.6 20 1.9232 30.7220 614.4409 1 614.4409 1 1 51.2034

38.935

F

S
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Text Box
Case 2: Interior wall moves north subjected to temporary bracing reaction from south wall using soil spring stiffness starting from EL -3.07. Refer to Section-B on SOE-300 and SOE-400.



 Sheet No.     of  
MUESER RUTLEDGE CONSULTING ENGINEERS      File: 12541

Made By: SK Date: 3/12/2019
FOR: FIRST ST TURNING BASIN Checked By: Date:

SUBJECT:  INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF. CASE 2B-SOIL SPRING STIFFNESS

STRATA ELEVATION BUOYANT UNIT
WEIGHT VERTICAL PRESSURE Kp PASSIVE PRESSURE WIDTH OF WALL RED. FACTOR SPRING LIMIT AVERAGE

EL b v v*kp d RF d*Kp*RF*v
(FT) (PSF) (KSF) (KSF) (FT) (kips)
-3 57.6 0 1 0 1 1 0.086
-4 57.6 0.0576 3 0.1728 1 1 0.173
-5 57.6 0.1152 3 0.3456 1 1 0.346
-6 57.6 0.1728 3 0.5184 1 1 0.518
-7 57.6 0.2304 3 0.6912 1 1 0.691
-8 57.6 0.288 3 0.864 1 1 0.864
-9 57.6 0.3456 3 1.0368 1 1 1.037
-10 57.6 0.4032 3 1.2096 1 1 1.210
-11 57.6 0.4608 3 1.3824 1 1 1.382
-12 57.6 0.5184 3 1.5552 1 1 1.555
-13 57.6 0.576 3 1.728 1 1 1.728
-14 57.6 0.6336 3 1.9008 1 1 1.901
-15 57.6 0.6912 3 2.0736 1 1 2.074
-16 57.6 0.7488 3 2.2464 1 1 2.246
-17 57.6 0.8064 3 2.4192 1 1 2.419
-18 57.6 0.864 3 2.592 1 1 2.592
-19 57.6 0.9216 3 2.7648 1 1 2.765
-19 62.6 0.9216 3.3 3.04128 1 1 3.041
-20 62.6 0.9842 3.3 3.24786 1 1 3.248
-21 62.6 1.0468 3.3 3.45444 1 1 3.454
-22 62.6 1.1094 3.3 3.66102 1 1 3.661
-23 62.6 1.172 3.3 3.8676 1 1 3.868
-24 62.6 1.2346 3.3 4.07418 1 1 4.074
-25 62.6 1.2972 3.3 4.28076 1 1 4.281
-26 62.6 1.3598 3.3 4.48734 1 1 4.487
-27 62.6 1.4224 3.3 4.69392 1 1 4.694
-28 62.6 1.485 3.3 4.9005 1 1 4.901
-29 62.6 1.5476 3.3 5.10708 1 1 5.107
-30 62.6 1.6102 3.3 5.31366 1 1 5.314
-31 62.6 1.6728 3.3 5.52024 1 1 5.520
-32 62.6 1.7354 3.3 5.72682 1 1 5.727
-33 62.6 1.798 3.3 5.9334 1 1 5.933
-34 62.6 1.8606 3.3 6.13998 1 1 6.140
-35 62.6 1.9232 3.3 6.34656 1 1 6.347

2.90304

F

S

2.90304
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 Sheet No.     of  
MUESER RUTLEDGE CONSULTING ENGINEERS      File: 12541

Made By: SK Date: 3/12/2019
Checked By: Date:FOR: FIRST ST TURNING BASIN 

SUBJECT: INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF. CASE 2B-SOIL SPRING 
STIFFNESS

Joint Label Spring Limit 
(Kip)

1st Iteration Reaction 
(Kip)

1st Iteration - Spring Limit 
Check Above Subgrade

2nd Iteration 
Reaction (Kip)

2nd Iteration - 
Spring Limit Check 

Above Subgrade

3rd Iteration 
Reaction (Kip)

3rd Iteration - 
Spring Limit 
Check Above 

Subgrade

4th Iteration 
Reaction (Kip)

4th Iteration - 
Spring Limit 
Check Above 

Subgrade
EL.-3 (kips) -0.03 OK -0.03 OK -0.03 OK -0.03 OK

EL.-4 0.086 -1.521 OK -1.447 OK -1.428 OK -1.425 OK
EL.-5 0.173 -2.577 OK -2.363 OK -2.307 OK -2.298 OK
EL.-6 0.346 -3.204 OK -2.784 OK -2.672 OK -2.655 OK
EL.-7 0.518 -3.444 OK -2.755 OK -2.566 OK -2.539 OK
EL.-8 0.691 -3.347 OK -2.322 OK -2.038 OK -1.998 OK
EL.-9 0.864 -2.963 OK -1.538 OK -1.141 OK -1.086 OK
EL.-10 1.037 -2.347 OK -0.459 OK 0 OK 0 OK
EL.-11 1.210 -1.551 OK 0 OK 0 OK 0 OK
EL.-12 1.382 -0.628 OK 0 OK 0 OK 0 OK
EL.-13 1.555 0 OK 0 OK 0 OK 0 OK
EL.-14 1.728 0 OK 0 OK 0 OK 0 OK
EL.-15 1.901 0 OK 0 OK 0 OK 0 OK
EL.-16 2.074 0 OK 0 OK 0 OK 0 OK
EL.-17 2.246 0 OK 0 OK 0 OK 0 OK
EL.-18 2.419 0 OK 0 OK 0 OK 0 OK
EL.-19 2.592 0 OK 0 OK 0 OK 0 OK
EL.-20 2.765 0 OK 0 OK 0 OK 0 OK
EL.-21 3.041 5.842 NOT OK 0 OK 0 OK 0 OK
EL.-22 3.248 5.96 NOT OK 0 OK 0 OK 0 OK
EL.-23 3.454 5.937 NOT OK 0 OK 0 OK 0 OK
EL.-24 3.661 5.779 NOT OK 0 OK 0 OK 0 OK
EL.-25 3.868 5.499 NOT OK 0 OK 0 OK 0 OK
EL.-26 4.074 5.107 NOT OK 0 OK 0 OK 0 OK
EL.-27 4.281 4.617 NOT OK 0 OK 0 OK 0 OK
EL.-28 4.487 4.042 OK 9.079 NOT OK 0 OK 0 OK
EL.-29 4.694 3.402 OK 7.475 NOT OK 0 OK 0 OK
EL.-30 4.901 2.717 OK 5.818 NOT OK 0 OK 0 OK
EL.-31 5.107 2.017 OK 4.19 OK 5.472 NOTOK 0 OK
EL.-32 5.314 1.337 OK 2.682 OK 3.527 OK 3.688 OK
EL.-33 5.520 0.729 OK 1.397 OK 1.848 OK 1.939 OK
EL.-34 5.727 0.255 OK 0.455 OK 0.606 OK 0.639 OK
EL.-35 5.933 0 OK 0 OK 0 OK 0 OK
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Text Box
Table showing revised spring limits at each iteration which are in excess of spring limits calculated at each elevation in iterations



MRCE
SK
12541 LOADING

CHECKED BY
Mar 15, 2019 at 6:11 PM
int wall(case2) - 1st iteration.r2d

0k/ft

.26k/ft

-2.234k/ft

-6.246k/ft

8.46k/ft

0k/ft

-2.234k/ft

Y

XZ

Loads: BLC 1, lateral
Results for LC 1, lateral
Y-direction Reaction Units are k and k-ft
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Text Box
1st iteration to determine spring limits (See next sheet for spring stiffness)



MRCE
SK
12541

FIRST ST TURNING BASIN
1ST ITERATION - REACTION FOR ANALYSIS

Mar 12, 2019 at 6:39 PM
int wall(case2) - 1st iteration.r2d

-3       

1

35 

17

-21.5

2

-4           

-5           

-6           

-7           

-8           

-9        

-10         

-11         

-12       

-13

-14

-15

-16

-17

-18

-19

-20

-21

-22

-23

-24

-25

-26

-27

-28

-29

-30

-31

-32

-33

-34

-35
36.2

0

-1.5

-2.6

-3.2

-3.4

-3.3

-3

-2.3

-1.6

-.6

5.8

6

5.9

5.8

5.5

5.1

4.6

4

3.4

2.7

2

1.3

0.7

0.3

Y

XZ

Results for LC 1, lateral
X-direction Reaction Units are k and k-ft
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MRCE
SK
12541 MOMENT

CHECKED BY
Mar 15, 2019 at 6:10 PM
int wall(case2) - 1st iteration.r2d

-3

1

35 

17

-21.5

2

-4
-5
-6
-7
-8
-9
-10
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-23
-24
-25
-26
-27
-28
-29
-30
-31
-32
-33
-34              
-35

144.2

-215.5

Y

XZ

Results for LC 1, lateral
Member Bending Moments (k-ft)
Y-direction Reaction Units are k and k-ft
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Text Box
Maximum moment = 215.5 k-ft/ft



MRCE
SK
12541 SHEAR

CHECKED BY
Mar 15, 2019 at 6:10 PM
int wall(case2) - 1st iteration.r2d

-3

1

35 

17

-21.5

2

-4
-5
-6
-7
-8
-9
-10
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-23
-24
-25
-26
-27
-28
-29
-30
-31
-32
-33
-34
-35

25.4

-36.2

Y

XZ

Results for LC 1, lateral
Member Shear Forces (k)
Y-direction Reaction Units are k and k-ft
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Maximum shear = 36.2 klf



Company : MR CE Mar 12, 2019
6:39 PMDes igner : SK

Job Number : 12541 Checked By:_____
Model Name : FIRST ST TUR NING BASIN

(Global) Model Settings
Display Sections for Member Calcs
Max Internal S ections for Member Calcs
Include S hear Deformation?
Increase Nailing Capacity for Wind?
Merge Tolerance (in)
P-Delta Analysis Tolerance
Include P -Delta for Walls?
Automatically Iterate Stiffness for Walls?
Max Iterations for Wall Stiffness
G ravity Acceleration (ft/sec 2̂)
Wall Mesh S ize (in)
Eigensolution Convergence Tol. (1.E-)
Dynamic Solver

5 
97 
Yes
Yes
.12
0.50%
Yes
Yes
3
32.2
12
4
Accelerated Solver

Hot Rolled Steel Code
Adjust Stiffness?
Cold Formed Steel Code
Wood Code
Wood Temperature
Concrete Code
Masonry Code
Aluminum Code

AISC 14th(360-10): ASD
Yes(Iterative)
AISI S100-12: ASD
AWC  NDS-12: ASD
< 100F
AC I 318-11
AC I 530-13: ASD
AA ADM1-10: ASD - Building
AISC 14th(360-10): ASD

Number of Shear Regions
Region Spacing Increment (in)
Concrete Stress Block
Use Cracked Sections?
Bad Framing Warnings?
Unused Force Warnings?
Min 1 Bar Diam. Spacing?
Concrete Rebar Set
Min % Steel for Column
Max % Steel for Column

4
4
Rectangular
Yes
No
Yes
No
REBAR_SET_ASTMA615
1
8

J oint Coordinates  and Temperatures
Label X  [ft] Y  [ft] Temp [F]

1 -3 0 -3 0
2 1 0 1 0
3 35 0 -35 0
4 17 0 17 0
5 -21.5 0 -21.5 0
6 2 0 2 0
7 -4 0 -4 0
8 -5 0 -5 0
9 -6 0 -6 0
10 -7 0 -7 0
11 -8 0 -8 0
12 -9 0 -9 0
13 -10 0 -10 0
14 -11 0 -11 0

RISA-2D Version 17.0.1      Page 1 [F:\...\...\...\...\...\...\...\...\...\...\int wall(case2) - 1st iteration.r2d] 
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Company : MR CE Mar 12, 2019
6:39 PMDes igner : SK

Job Number : 12541 Checked By:_____
Model Name : FIRST ST TUR NING BASIN

J oint Coordinates  and Temperatures  (Continued)
Label X  [ft] Y  [ft] Temp [F]

15 -12 0 -12 0
16 -13 0 -13 0
17 -14 0 -14 0
18 -15 0 -15 0
19 -16 0 -16 0
20 -17 0 -17 0
21 -18 0 -18 0
22 -19 0 -19 0
23 -20 0 -20 0
24 -21 0 -21 0
25 -22 0 -22 0
26 -23 0 -23 0
27 -24 0 -24 0
28 -25 0 -25 0
29 -26 0 -26 0
30 -27 0 -27 0
31 -28 0 -28 0
32 -29 0 -29 0
33 -30 0 -30 0
34 -31 0 -31 0
35 -32 0 -32 0
36 -33 0 -33 0
37 -34 0 -34 0
38 -35 0 -35 0

J oint Boundary Conditions
Joint Label X  [k/in] Y  [k/in] Rotation[k-ft/rad]

1 35 Reaction Reaction Reaction
2 -3 TS.029
3 -4 TS1.667
4 -5 TS3.333
5 -6 TS5
6 -7 TS6.667
7 -8 TS8.333
8 -9 TS10
9 -10 TS11.667
10 -11 TS13.333
11 -12 TS15
12 -13 TS16.667
13 -14 TS18.333
14 -15 TS20
15 -16 TS21.667
16 -17 TS23.333
17 -18 TS25
18 -19 TS26.667
19 -20 TS26.203
20 -21 S27.87
21 -22 S29.537
22 -23 S31.203
23 -24 S32.87
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Company : MR CE Mar 12, 2019
6:39 PMDes igner : SK

Job Number : 12541 Checked By:_____
Model Name : FIRST ST TUR NING BASIN

J oint Boundary Conditions  (C ontinued)
Joint Label X  [k/in] Y  [k/in] Rotation[k-ft/rad]

24 -25 S34.537
25 -26 S36.203
26 -27 S37.87
27 -28 S39.537
28 -29 S41.203
29 -30 S42.87
30 -31 S44.537
31 -32 S46.203
32 -33 S47.87
33 -34 S49.537
34 -35 S51.203

Member Primary Data
Label I J oint J Joint Rotate(d... Section/Shape Type Des ign List Material Des ign Rul...

1 M1 17 35 20x0.545 Beam None A572 G r.50 Typical

Member Dis tributed Loads  (BLC 1 : lateral)
Member Label Direction S tart Magnitude[k/ft,... End Magnitude[k/ft,F... S tart Location[ft,%] End Location[ft,%]

1 M1 X 0 .26 38.5 52
2 M1 X -2.234 -6.246 33 52
3 M1 X 8.46 8.46 14.5 17.5
4 M1 X 0 -2.234 20.07 33

Bas ic  Load Cases
BLC Description Category X Gravity Y  Gravity Joint Point Distributed

1 lateral None 4

Load Combinations
Des cription Solve PDelta S ... BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...

1 lateral 1 1

J oint Reactions
LC Joint Label X  [k] Y  [k] MZ [k-ft]

1 1 35 36.239 0 -144.162
2 1 -3 -.03 0 0
3 1 -4 -1.521 0 0
4 1 -5 -2.577 0 0
5 1 -6 -3.204 0 0
6 1 -7 -3.444 0 0
7 1 -8 -3.347 0 0
8 1 -9 -2.963 0 0
9 1 -10 -2.347 0 0
10 1 -11 -1.551 0 0
11 1 -12 -.628 0 0
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Company : MR CE Mar 12, 2019
6:39 PMDes igner : SK

Job Number : 12541 Checked By:_____
Model Name : FIRST ST TUR NING BASIN

J oint Reactions  (Continued)
LC Joint Label X  [k] Y  [k] MZ [k-ft]

12 1 -13 0 0 0
13 1 -14 0 0 0
14 1 -15 0 0 0
15 1 -16 0 0 0
16 1 -17 0 0 0
17 1 -18 0 0 0
18 1 -19 0 0 0
19 1 -20 0 0 0
20 1 -21 5.842 0 0
21 1 -22 5.96 0 0
22 1 -23 5.937 0 0
23 1 -24 5.779 0 0
24 1 -25 5.499 0 0
25 1 -26 5.107 0 0
26 1 -27 4.617 0 0
27 1 -28 4.042 0 0
28 1 -29 3.402 0 0
29 1 -30 2.717 0 0
30 1 -31 2.017 0 0
31 1 -32 1.337 0 0
32 1 -33 .729 0 0
33 1 -34 .255 0 0
34 1 -35 0 0 0
35 1 Totals: 67.868 0
36 1 COG  (ft): NC NC

Member Section Forces
LC Member Label Sec Axial[k] Shear[k] Moment[k-ft]

1 1 M1 1 0 0 0
2 2 0 0 0
3 3 0 8.219 -209.853
4 4 0 -22.035 -81.306
5 5 0 -36.239 144.162

Member Section Deflections  Service
LC Member Label Sec x [in] y [in] (n) L/y' Ratio

No Data to Print ...

Member Point Loads  
Member Label Direction Magnitude[k,k-ft] Location[ft,%]

No Data to Print ...
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Company : MR CE Mar 12, 2019
6:39 PMDes igner : SK

Job Number : 12541 Checked By:_____
Model Name : FIRST ST TUR NING BASIN

Member AISC 14th(360-10): ASD Steel Code Checks
LC Member Shape UC Max Loc[ft]Shear ...Loc[ft]Pnc/o... Pnt/o... Mn/om... Cb Eqn

1 1 M1 20x0.545 - P -Delta analysis required for all AISC 360-10 Lo...

Concrete Beam Des ign Parameters
Label Shape Length[ft] B-eff Left[in] B-eff Right[in] S lab Thic... S lab Thic... Icr Fac tor Flexural L...Shear Lay...

No Data to Print ...

Concrete Column Des ign P arameters
Label Shape Length[ft] Lu-out[ft] Lu-in[ft] Cm-out Cm-in K-out K-in Out sw...In sway Icr Fac ...Flexur... Shear ...

No Data to Print ...

J oint Loads and Enforced Displacements  
Joint Label L,D,M Direction Magnitude[(k,k-ft), (in,rad), (k*s 2̂/f...

No Data to Print ...

J oint Deflections
LC Joint Label X  [in] Y  [in] Rotation [rad]

1 1 -3 1.059 0 -1.223e-02
2 1 1 1.677 0 -1.305e-02
3 1 35 0 0 0
4 1 17 4.187 0 -1.307e-02
5 1 -21.5 -.206 0 5.516e-04
6 1 2 1.834 0 -1.307e-02
7 1 -4 .913 0 -1.178e-02
8 1 -5 .773 0 -1.124e-02
9 1 -6 .641 0 -1.06e-02
10 1 -7 .517 0 -9.897e-03
11 1 -8 .402 0 -9.131e-03
12 1 -9 .296 0 -8.322e-03
13 1 -10 .201 0 -7.486e-03
14 1 -11 .116 0 -6.639e-03
15 1 -12 .042 0 -5.793e-03
16 1 -13 -.022 0 -4.958e-03
17 1 -14 -.077 0 -4.142e-03
18 1 -15 -.121 0 -3.352e-03
19 1 -16 -.156 0 -2.595e-03
20 1 -17 -.182 0 -1.88e-03
21 1 -18 -.2 0 -1.217e-03
22 1 -19 -.21 0 -6.148e-04
23 1 -20 -.213 0 -8.493e-05
24 1 -21 -.21 0 3.611e-04
25 1 -22 -.202 0 7.221e-04
26 1 -23 -.19 0 1.008e-03
27 1 -24 -.176 0 1.228e-03
28 1 -25 -.159 0 1.391e-03
29 1 -26 -.141 0 1.503e-03
30 1 -27 -.122 0 1.568e-03
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Company : MR CE Mar 12, 2019
6:39 PMDes igner : SK

Job Number : 12541 Checked By:_____
Model Name : FIRST ST TUR NING BASIN

J oint Deflections  (Continued)
LC Joint Label X  [in] Y  [in] Rotation [rad]

31 1 -28 -.102 0 1.589e-03
32 1 -29 -.083 0 1.564e-03
33 1 -30 -.063 0 1.49e-03
34 1 -31 -.045 0 1.359e-03
35 1 -32 -.029 0 1.16e-03
36 1 -33 -.015 0 8.798e-04
37 1 -34 -.005 0 4.999e-04
38 1 -35 0 0 0

Member End Reactions
LC Member Label Member E ... Axial[k] Shear[k] Moment[k-ft]

1 1 M1 I 0 0 0
2 J 0 -36.239 144.162

Member Section Stresses
LC Member Label Sec Axial[ksi] Shear[ksi] Top Bending[ksi] Bot Bending[ksi]

1 1 M1 1 0 0 0 0
2 2 0 0 0 0
3 3 0 .494 15.966 -15.966
4 4 0 -1.323 6.186 -6.186
5 5 0 -2.176 -10.968 10.968
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MRCE
SK
12541 2ND ITERATION - REACTION FOR ANALYSIS

SK - 1
Mar 12, 2019 at 6:40 PM
int wall(case2) - 2nd iteration.r2d

-3       

1

35 

17

-21.5

2

-4       

-5       

-6       

-7       

-8       

-9       

-10     

-11

-12

-13

-14

-15

-16

-17

-18

-19

-20

-21

-22

-23

-24

-25

-26

-27

-28

-29

-30

-31

-32

-33

-34

-35
50.5

0

-1.4

-2.4

-2.8

-2.8
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Results for LC 1, lateral
X-direction Reaction Units are k and k-ft
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MRCE
SK
12541 2ND ITERATION MOMENT

CHECKED BY
Mar 18, 2019 at 8:51 AM
int wall(case2) - 2nd iteration.r2d
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Results for LC 1, lateral
Member Bending Moments (k-ft)
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12541 SHEAR

CHECKED BY
Mar 15, 2019 at 6:12 PM
int wall(case2) - 2nd iteration.r2d

-3

1

35 

17

-21.5

2

-4
-5
-6
-7
-8
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25.4
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Results for LC 1, lateral
Member Shear Forces (k)
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Company : MR CE Mar 12, 2019
6:40 PMDes igner :SK

Job Number : 12541 Checked By:_____
Model Name :

(Global) Model Settings
Display Sections for Member Calcs
Max Internal S ections for Member Calcs
Include S hear Deformation?
Increase Nailing Capacity for Wind?
Merge Tolerance (in)
P-Delta Analysis Tolerance
Include P -Delta for Walls?
Automatically Iterate Stiffness for Walls?
Max Iterations for Wall Stiffness
G ravity Acceleration (ft/sec 2̂)
Wall Mesh S ize (in)
Eigensolution Convergence Tol. (1.E-)
Dynamic Solver

5 
97 
Yes
Yes
.12
0.50%
Yes
Yes
3
32.2
12
4
Accelerated Solver

Hot Rolled Steel Code
Adjust Stiffness?
Cold Formed Steel Code
Wood Code
Wood Temperature
Concrete Code
Masonry Code
Aluminum Code

AISC 14th(360-10): ASD
Yes(Iterative)
AISI S100-12: ASD
AWC  NDS-12: ASD
< 100F
AC I 318-11
AC I 530-13: ASD
AA ADM1-10: ASD - Building
AISC 14th(360-10): ASD

Number of Shear Regions
Region Spacing Increment (in)
Concrete Stress Block
Use Cracked Sections?
Bad Framing Warnings?
Unused Force Warnings?
Min 1 Bar Diam. Spacing?
Concrete Rebar Set
Min % Steel for Column
Max % Steel for Column

4
4
Rectangular
Yes
No
Yes
No
REBAR_SET_ASTMA615
1
8

J oint Coordinates  and Temperatures
Label X  [ft] Y  [ft] Temp [F]

1 -3 0 -3 0
2 1 0 1 0
3 35 0 -35 0
4 17 0 17 0
5 -21.5 0 -21.5 0
6 2 0 2 0
7 -4 0 -4 0
8 -5 0 -5 0
9 -6 0 -6 0
10 -7 0 -7 0
11 -8 0 -8 0
12 -9 0 -9 0
13 -10 0 -10 0
14 -11 0 -11 0
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Company : MR CE Mar 12, 2019
6:40 PMDes igner :SK

Job Number : 12541 Checked By:_____
Model Name :

J oint Coordinates  and Temperatures  (Continued)
Label X  [ft] Y  [ft] Temp [F]

15 -12 0 -12 0
16 -13 0 -13 0
17 -14 0 -14 0
18 -15 0 -15 0
19 -16 0 -16 0
20 -17 0 -17 0
21 -18 0 -18 0
22 -19 0 -19 0
23 -20 0 -20 0
24 -21 0 -21 0
25 -22 0 -22 0
26 -23 0 -23 0
27 -24 0 -24 0
28 -25 0 -25 0
29 -26 0 -26 0
30 -27 0 -27 0
31 -28 0 -28 0
32 -29 0 -29 0
33 -30 0 -30 0
34 -31 0 -31 0
35 -32 0 -32 0
36 -33 0 -33 0
37 -34 0 -34 0
38 -35 0 -35 0

J oint Boundary Conditions
Joint Label X  [k/in] Y  [k/in] Rotation[k-ft/rad]

1 35 Reaction Reaction Reaction
2 -3 TS.029
3 -4 TS1.667
4 -5 TS3.333
5 -6 TS5
6 -7 TS6.667
7 -8 TS8.333
8 -9 TS10
9 -10 TS11.667
10 -11 TS13.333
11 -12 TS15
12 -13 TS16.667
13 -14 TS18.333
14 -15 TS20
15 -16 TS21.667
16 -17 TS23.333
17 -18 TS25
18 -19 TS26.667
19 -20 TS26.203
20 -28 S39.537
21 -29 S41.203
22 -30 S42.87
23 -31 S44.537
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Company : MR CE Mar 12, 2019
6:40 PMDes igner :SK

Job Number : 12541 Checked By:_____
Model Name :

J oint Boundary Conditions  (C ontinued)
Joint Label X  [k/in] Y  [k/in] Rotation[k-ft/rad]

24 -32 S46.203
25 -33 S47.87
26 -34 S49.537
27 -35 S51.203

Member Primary Data
Label I J oint J Joint Rotate(d... Section/Shape Type Des ign List Material Des ign Rul...

1 M1 17 35 20x0.545 Beam None A572 G r.50 Typical

Member Dis tributed Loads  (BLC 1 : lateral)
Member Label Direction S tart Magnitude[k/ft,... End Magnitude[k/ft,F... S tart Location[ft,%] End Location[ft,%]

1 M1 X 0 .26 38.5 52
2 M1 X -2.234 -6.246 33 52
3 M1 X 8.46 8.46 14.5 17.5
4 M1 X 0 -2.234 20.07 33

Bas ic  Load Cases
BLC Description Category X Gravity Y  Gravity Joint Point Distributed

1 lateral None 4

Load Combinations
Des cription Solve PDelta S ... BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...

1 lateral 1 1

J oint Reactions
LC Joint Label X  [k] Y  [k] MZ [k-ft]

1 1 35 50.47 0 -282.88
2 1 -3 -.03 0 0
3 1 -4 -1.447 0 0
4 1 -5 -2.363 0 0
5 1 -6 -2.784 0 0
6 1 -7 -2.755 0 0
7 1 -8 -2.322 0 0
8 1 -9 -1.538 0 0
9 1 -10 -.459 0 0
10 1 -11 0 0 0
11 1 -12 0 0 0
12 1 -13 0 0 0
13 1 -14 0 0 0
14 1 -15 0 0 0
15 1 -16 0 0 0
16 1 -17 0 0 0
17 1 -18 0 0 0
18 1 -19 0 0 0
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Company : MR CE Mar 12, 2019
6:40 PMDes igner :SK

Job Number : 12541 Checked By:_____
Model Name :

J oint Reactions  (Continued)
LC Joint Label X  [k] Y  [k] MZ [k-ft]

19 1 -20 0 0 0
20 1 -28 9.079 0 0
21 1 -29 7.475 0 0
22 1 -30 5.818 0 0
23 1 -31 4.19 0 0
24 1 -32 2.682 0 0
25 1 -33 1.397 0 0
26 1 -34 .455 0 0
27 1 -35 0 0 0
28 1 Totals: 67.868 0
29 1 COG  (ft): NC NC

Member Section Forces
LC Member Label Sec Axial[k] Shear[k] Moment[k-ft]

1 1 M1 1 0 0 0
2 2 0 0 0
3 3 0 10.642 -214.747
4 4 0 -19.962 -176.369
5 5 0 -50.47 282.88

Member Section Deflections  Service
LC Member Label Sec x [in] y [in] (n) L/y' Ratio

No Data to Print ...

Member Point Loads  
Member Label Direction Magnitude[k,k-ft] Location[ft,%]

No Data to Print ...

Member AISC 14th(360-10): ASD Steel Code Checks
LC Member Shape UC Max Loc[ft]Shear ...Loc[ft]Pnc/o... Pnt/o... Mn/om... Cb Eqn

1 1 M1 20x0.545 - P -Delta analysis required for all AISC 360-10 Lo...

Concrete Beam Des ign Parameters
Label Shape Length[ft] B-eff Left[in] B-eff Right[in] S lab Thic... S lab Thic... Icr Fac tor Flexural L...Shear Lay...

No Data to Print ...

Concrete Column Des ign P arameters
Label Shape Length[ft] Lu-out[ft] Lu-in[ft] Cm-out Cm-in K-out K-in Out sw...In sway Icr Fac ...Flexur... Shear ...

No Data to Print ...
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Company : MR CE Mar 12, 2019
6:40 PMDes igner :SK

Job Number : 12541 Checked By:_____
Model Name :

J oint Loads and Enforced Displacements  
Joint Label L,D,M Direction Magnitude[(k,k-ft), (in,rad), (k*s 2̂/f...

No Data to Print ...

J oint Deflections
LC Joint Label X  [in] Y  [in] Rotation [rad]

1 1 -3 1.033 0 -1.386e-02
2 1 1 1.73 0 -1.468e-02
3 1 35 0 0 0
4 1 17 4.553 0 -1.47e-02
5 1 -21.5 -.477 0 1.306e-03
6 1 2 1.907 0 -1.47e-02
7 1 -4 .868 0 -1.341e-02
8 1 -5 .709 0 -1.287e-02
9 1 -6 .557 0 -1.223e-02
10 1 -7 .413 0 -1.152e-02
11 1 -8 .279 0 -1.075e-02
12 1 -9 .154 0 -9.927e-03
13 1 -10 .039 0 -9.065e-03
14 1 -11 -.065 0 -8.172e-03
15 1 -12 -.157 0 -7.255e-03
16 1 -13 -.239 0 -6.319e-03
17 1 -14 -.309 0 -5.37e-03
18 1 -15 -.368 0 -4.416e-03
19 1 -16 -.415 0 -3.465e-03
20 1 -17 -.451 0 -2.524e-03
21 1 -18 -.475 0 -1.604e-03
22 1 -19 -.489 0 -7.14e-04
23 1 -20 -.491 0 1.351e-04
24 1 -21 -.484 0 9.315e-04
25 1 -22 -.467 0 1.663e-03
26 1 -23 -.442 0 2.315e-03
27 1 -24 -.409 0 2.875e-03
28 1 -25 -.37 0 3.327e-03
29 1 -26 -.326 0 3.656e-03
30 1 -27 -.279 0 3.845e-03
31 1 -28 -.23 0 3.878e-03
32 1 -29 -.181 0 3.753e-03
33 1 -30 -.136 0 3.486e-03
34 1 -31 -.094 0 3.083e-03
35 1 -32 -.058 0 2.543e-03
36 1 -33 -.029 0 1.859e-03
37 1 -34 -.009 0 1.018e-03
38 1 -35 0 0 0

Member End Reactions
LC Member Label Member E ... Axial[k] Shear[k] Moment[k-ft]

1 1 M1 I 0 0 0
2 J 0 -50.47 282.88
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Company : MR CE Mar 12, 2019
6:40 PMDes igner :SK

Job Number : 12541 Checked By:_____
Model Name :

Member Section Stresses
LC Member Label Sec Axial[ksi] Shear[ksi] Top Bending[ksi] Bot Bending[ksi]

1 1 M1 1 0 0 0 0
2 2 0 0 0 0
3 3 0 .639 16.339 -16.339
4 4 0 -1.199 13.419 -13.419
5 5 0 -3.03 -21.523 21.523
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MRCE
SK
12541 LOADING

SK - 2
Mar 12, 2019 at 6:42 PM
int wall(case2) - 3rd interation.r2d
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-2.234k/ft

-6.246k/ft

8.46k/ft

0k/ft

-2.234k/ft

Y

XZ

Loads: BLC 1, lateral
Results for LC 1, lateral
Y-direction Reaction Units are k and k-ft

102 of 231

skundu
Text Box
Final iteration using soil springs at each point showing deflection at EL 2.0
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12541 DEFLECTION

SK - 1
Mar 12, 2019 at 6:46 PM
int wall(case2) - 3rd interation.r2d
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Results for LC 1, lateral
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SK
12541 3RD & 4TH ITERATION - REACTION

SK - 1
Mar 12, 2019 at 6:41 PM
int wall(case2) - 3rd interation.r2d

-3       
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Results for LC 1, lateral
X-direction Reaction Units are k and k-ft
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12541 MOMENT

SK - 3
Mar 12, 2019 at 6:43 PM
int wall(case2) - 3rd interation.r2d
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Results for LC 1, lateral
Member Bending Moments (k-ft)
Y-direction Reaction Units are k and k-ft
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SK
12541 SHEAR

SK - 2
Mar 12, 2019 at 6:46 PM
int wall(case2) - 3rd interation.r2d
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Results for LC 1, lateral
Member Shear Forces (k)
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Company : MR CE Mar 12, 2019
6:43 PMDes igner : SK

Job Number : 12541 Checked By:_____
Model Name :

(Global) Model Settings
Display Sections for Member Calcs
Max Internal S ections for Member Calcs
Include S hear Deformation?
Increase Nailing Capacity for Wind?
Merge Tolerance (in)
P-Delta Analysis Tolerance
Include P -Delta for Walls?
Automatically Iterate Stiffness for Walls?
Max Iterations for Wall Stiffness
G ravity Acceleration (ft/sec 2̂)
Wall Mesh S ize (in)
Eigensolution Convergence Tol. (1.E-)
Dynamic Solver

5 
97 
Yes
Yes
.12
0.50%
Yes
Yes
3
32.2
12
4
Accelerated Solver

Hot Rolled Steel Code
Adjust Stiffness?
Cold Formed Steel Code
Wood Code
Wood Temperature
Concrete Code
Masonry Code
Aluminum Code

AISC 14th(360-10): ASD
Yes(Iterative)
AISI S100-12: ASD
AWC  NDS-12: ASD
< 100F
AC I 318-11
AC I 530-13: ASD
AA ADM1-10: ASD - Building
AISC 14th(360-10): ASD

Number of Shear Regions
Region Spacing Increment (in)
Concrete Stress Block
Use Cracked Sections?
Bad Framing Warnings?
Unused Force Warnings?
Min 1 Bar Diam. Spacing?
Concrete Rebar Set
Min % Steel for Column
Max % Steel for Column

4
4
Rectangular
Yes
No
Yes
No
REBAR_SET_ASTMA615
1
8

J oint Coordinates  and Temperatures
Label X  [ft] Y  [ft] Temp [F]

1 -3 0 -3 0
2 1 0 1 0
3 35 0 -35 0
4 17 0 17 0
5 -21.5 0 -21.5 0
6 2 0 2 0
7 -4 0 -4 0
8 -5 0 -5 0
9 -6 0 -6 0
10 -7 0 -7 0
11 -8 0 -8 0
12 -9 0 -9 0
13 -10 0 -10 0
14 -11 0 -11 0
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Company : MR CE Mar 12, 2019
6:43 PMDes igner : SK

Job Number : 12541 Checked By:_____
Model Name :

J oint Coordinates  and Temperatures  (Continued)
Label X  [ft] Y  [ft] Temp [F]

15 -12 0 -12 0
16 -13 0 -13 0
17 -14 0 -14 0
18 -15 0 -15 0
19 -16 0 -16 0
20 -17 0 -17 0
21 -18 0 -18 0
22 -19 0 -19 0
23 -20 0 -20 0
24 -21 0 -21 0
25 -22 0 -22 0
26 -23 0 -23 0
27 -24 0 -24 0
28 -25 0 -25 0
29 -26 0 -26 0
30 -27 0 -27 0
31 -28 0 -28 0
32 -29 0 -29 0
33 -30 0 -30 0
34 -31 0 -31 0
35 -32 0 -32 0
36 -33 0 -33 0
37 -34 0 -34 0
38 -35 0 -35 0

J oint Boundary Conditions
Joint Label X  [k/in] Y  [k/in] Rotation[k-ft/rad]

1 35 Reaction Reaction Reaction
2 -3 TS.029
3 -4 TS1.667
4 -5 TS3.333
5 -6 TS5
6 -7 TS6.667
7 -8 TS8.333
8 -9 TS10
9 -10 TS11.667
10 -11 TS13.333
11 -12 TS15
12 -13 TS16.667
13 -14 TS18.333
14 -15 TS20
15 -16 TS21.667
16 -17 TS23.333
17 -18 TS25
18 -19 TS26.667
19 -20 TS26.203
20 -32 S46.203
21 -33 S47.87
22 -34 S49.537
23 -35 S51.203
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Company : MR CE Mar 12, 2019
6:43 PMDes igner : SK

Job Number : 12541 Checked By:_____
Model Name :

Member Primary Data
Label I J oint J Joint Rotate(d... Section/Shape Type Des ign List Material Des ign Rul...

1 M1 17 35 20x0.545 Beam None A572 G r.50 Typical

Member Dis tributed Loads  (BLC 1 : lateral)
Member Label Direction S tart Magnitude[k/ft,... End Magnitude[k/ft,F... S tart Location[ft,%] End Location[ft,%]

1 M1 X 0 .26 38.5 52
2 M1 X -2.234 -6.246 33 52
3 M1 X 8.46 8.46 14.5 17.5
4 M1 X 0 -2.234 20.07 33

Bas ic  Load Cases
BLC Description Category X Gravity Y  Gravity Joint Point Distributed

1 lateral None 4

Load Combinations
Des cription Solve PDelta S ... BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...

1 lateral 1 1

J oint Reactions
LC Joint Label X  [k] Y  [k] MZ [k-ft]

1 1 35 73.631 0 -388.43
2 1 -3 -.03 0 0
3 1 -4 -1.425 0 0
4 1 -5 -2.298 0 0
5 1 -6 -2.655 0 0
6 1 -7 -2.539 0 0
7 1 -8 -1.998 0 0
8 1 -9 -1.086 0 0
9 1 -10 0 0 0
10 1 -11 0 0 0
11 1 -12 0 0 0
12 1 -13 0 0 0
13 1 -14 0 0 0
14 1 -15 0 0 0
15 1 -16 0 0 0
16 1 -17 0 0 0
17 1 -18 0 0 0
18 1 -19 0 0 0
19 1 -20 0 0 0
20 1 -32 3.688 0 0
21 1 -33 1.939 0 0
22 1 -34 .639 0 0
23 1 -35 0 0 0
24 1 Totals: 67.868 0
25 1 COG  (ft): NC NC
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Company : MR CE Mar 12, 2019
6:43 PMDes igner : SK

Job Number : 12541 Checked By:_____
Model Name :

Member Section Forces
LC Member Label Sec Axial[k] Shear[k] Moment[k-ft]

1 1 M1 1 0 0 0
2 2 0 0 0
3 3 0 11.399 -216.263
4 4 0 -18.295 -199.105
5 5 0 -73.631 388.43

Member Section Deflections  Service
LC Member Label Sec x [in] y [in] (n) L/y' Ratio

No Data to Print ...

Member Point Loads  
Member Label Direction Magnitude[k,k-ft] Location[ft,%]

No Data to Print ...

Member AISC 14th(360-10): ASD Steel Code Checks
LC Member Shape UC Max Loc[ft]Shear ...Loc[ft]Pnc/o... Pnt/o... Mn/om... Cb Eqn

1 1 M1 20x0.545 - P -Delta analysis required for all AISC 360-10 Lo...

Concrete Beam Des ign Parameters
Label Shape Length[ft] B-eff Left[in] B-eff Right[in] S lab Thic... S lab Thic... Icr Fac tor Flexural L...Shear Lay...

No Data to Print ...

Concrete Column Des ign P arameters
Label Shape Length[ft] Lu-out[ft] Lu-in[ft] Cm-out Cm-in K-out K-in Out sw...In sway Icr Fac ...Flexur... Shear ...

No Data to Print ...

J oint Loads and Enforced Displacements  
Joint Label L,D,M Direction Magnitude[(k,k-ft), (in,rad), (k*s 2̂/f...

No Data to Print ...

J oint Deflections
LC Joint Label X  [in] Y  [in] Rotation [rad]

1 1 -3 1.027 0 -1.44e-02
2 1 1 1.749 0 -1.522e-02
3 1 35 0 0 0
4 1 17 4.675 0 -1.524e-02
5 1 -21.5 -.573 0 1.345e-03
6 1 2 1.933 0 -1.523e-02
7 1 -4 .855 0 -1.395e-02
8 1 -5 .689 0 -1.34e-02
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Company : MR CE Mar 12, 2019
6:43 PMDes igner : SK

Job Number : 12541 Checked By:_____
Model Name :

J oint Deflections  (Continued)
LC Joint Label X  [in] Y  [in] Rotation [rad]

9 1 -6 .531 0 -1.277e-02
10 1 -7 .381 0 -1.206e-02
11 1 -8 .24 0 -1.128e-02
12 1 -9 .109 0 -1.045e-02
13 1 -10 -.012 0 -9.583e-03
14 1 -11 -.122 0 -8.677e-03
15 1 -12 -.221 0 -7.739e-03
16 1 -13 -.309 0 -6.775e-03
17 1 -14 -.384 0 -5.793e-03
18 1 -15 -.448 0 -4.799e-03
19 1 -16 -.5 0 -3.801e-03
20 1 -17 -.539 0 -2.807e-03
21 1 -18 -.567 0 -1.827e-03
22 1 -19 -.582 0 -8.7e-04
23 1 -20 -.587 0 5.214e-05
24 1 -21 -.58 0 9.281e-04
25 1 -22 -.563 0 1.745e-03
26 1 -23 -.536 0 2.491e-03
27 1 -24 -.501 0 3.15e-03
28 1 -25 -.458 0 3.708e-03
29 1 -26 -.409 0 4.149e-03
30 1 -27 -.355 0 4.457e-03
31 1 -28 -.298 0 4.615e-03
32 1 -29 -.239 0 4.605e-03
33 1 -30 -.182 0 4.409e-03
34 1 -31 -.128 0 4.006e-03
35 1 -32 -.08 0 3.376e-03
36 1 -33 -.041 0 2.507e-03
37 1 -34 -.013 0 1.388e-03
38 1 -35 0 0 0

Member End Reactions
LC Member Label Member E ... Axial[k] Shear[k] Moment[k-ft]

1 1 M1 I 0 0 0
2 J 0 -73.631 388.43

Member Section Stresses
LC Member Label Sec Axial[ksi] Shear[ksi] Top Bending[ksi] Bot Bending[ksi]

1 1 M1 1 0 0 0 0
2 2 0 0 0 0
3 3 0 .684 16.454 -16.454
4 4 0 -1.098 15.149 -15.149
5 5 0 -4.421 -29.553 29.553

RISA-2D Version 17.0.1      Page 5 [F:\...\...\...\...\...\...\...\...\...\...\int wall(case2) - 3rd interation.r2d] 

111 of 231



112 of 231

skundu
Text Box
(including contribution to passive pressures from north wall)



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 3/13/2019

FOR     First Street Turning Basin Checked By: AA Date: 3/13/2019

SUBJECT: INTERLOCKED PIPE PILE INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF- SOE STAGING - CASE 3

Lateral Earth Pressures: Interior Wall Moves Towards South Service Codition: Contribution to driving forces on interior wall including resistance to passive pressures from North wall 

[ft] [ft] [pcf] [psf] [psf] [psf] (psf) (psf) [ft] [pcf] [psf] [psf] [psf] [psf] [psf] [ft]
0.7 0 57.6 0 0.333 1.00 0 0 240 240 0.70

-2 2.7 57.6 156 0.333 1.00 52 177 240 469 -2.00

-2 0 57.6 156 0.333 1.00 52 177 240 469 -2.00

-2.5 0.5 57.6 184 0.333 1.00 61 210 240 512 -2.50

-2.5 0 57.6 184 0.333 1.00 61 210 240 512 -2.50

-9.3 6.8 57.6 576 0.333 1.00 192 657 240 1089 -9.30

-9.3 0 57.6 576 0.333 1.00 192 657 100 949 -9.30

-10 0.7 57.6 616 0.333 1.00 205 703 100 1008 -10.00

-10 0 57.6 616 0.333 1.00 205 703 100 1008 -10.00

-17.63 7.63 57.6 1056 0.333 1.00 352 1204 100 1656 -17.63

-17.63 0 57.6 1056 0.333 1.00 352 0 100 452 -17.63

-18.5 0.87 57.6 1106 0.333 1.00 369 100 469 -18.50

-18.5 0 57.6 1106 0.333 1.00 369 100 0 57.6 0 3.0 1.0 0 469 -18.50

-19 0.5 57.6 1135 0.333 1.00 378 100 0.5 57.6 28.8 3.0 1.00 -86 392 -19.00

-19 0 62.6 1135 0.307 1.00 349 100 0 62.6 28.8 3.3 1.00 -94 355 -19.00

-19.3 0.3 62.6 1154 0.307 1.00 354 100 0.3 62.6 47.58 3.3 1.00 -155 300 -19.30

-19.3 0 62.6 1154 0.307 1.00 354 0 0 62.6 47.58 3.3 1.00 -155 200 -19.30

-60 40.7 62.6 3701 0.307 1.00 1137 40.7 62.6 2595 3.3 1.00 -8435 -7298 -60.00

-60 0 62.6 3701 0.307 1.00 1137 0 62.6 2595 3.3 1.00 -8447 -7310 -60.00

-90 30 62.6 5579 0.307 1.00 1714 30 62.6 4473 3.3 1.00 -14559 -12844.8 -90.00

Active Pressure: Reduction Factors Applied Below Subgrade : 
Passive Pressure: Ra =  1.000

Rp =  1.000

NOTES:
1
  Coefficient of active and passive earth pressure based on Rankine Theory.

2
  Subgrade at EL-16

DRIVING FORCES RESISTING FORCES
Net 

Pressure Elev
Layer 1

Elev H γ σv ka c Passive 
Pressurec Ra

Active 
Pressure

Passive 
pressure effect 
for North wall

Surcharge H

F

S

γ σv kp Rp

σa γ H⋅ ka⋅ 2C ka⋅−

σp γ H⋅ kp⋅ 2C kp⋅+
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Refer to Section-B on SOE-300 and SOE-400.



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 3/13/2019

FOR     First Street Turning Basin Checked By: AA Date: 3/13/2019

SUBJECT: INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF.  SOE STAGING - CASE 3
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 3/13/2019

FOR     First Street Turning Basin Checked By: AA Date: 3/13/2019

SUBJECT: INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF.  - SOE STAGING - CASE 3

240469
469 512512

949
108910081008

1656 452469469392355300200

-7298-7310

-75.00

-70.00

-65.00

-60.00

-55.00

-50.00

-45.00

-40.00

-35.00

-30.00

-25.00

-20.00

-15.00

-10.00

-5.00

0.00

5.00

10.00

15.00

20.00

-10000-9000-8000-7000-6000-5000-4000-3000-2000-10000100020003000400050006000

E
le

v
a

ti
o

n
 (

ft
)

Pressures (psf)

Net Lateral Pressures

Grade El. 0.7

Subgrade El. -18.5

115 of 231



MUESER RUTLEDGE CONSULTING ENGINEERS

Anchored Wall Analysis V2.1 for Windows

Subject:

FREE EARTH METHOD
For an anchored wall with the following input:

         p (ksf)   q (ksf)   interval (ft)
    -------------------------------------------
          0.240     1.089       10.00
          0.949     1.656        8.33
          0.452     0.469        0.87
          0.469     0.392        0.50

         Pressure at slope (ksf):  -0.355
         Pressure slope (ksf/ft):  0.184

         Flexural rigidity of wall [EI] (k-ft^2):  293724

         Distance from top of wall to anchor (ft):  11.5

    Results from analysis:
    ----------------------

    d =     4.50 ft embedment below z =   19.20
    with FS=1.0

    Total wall length =   23.70 ft

    Anchor Pull =   18.06 k/ft
    Moment at anchor =   37.23 k-ft/ft
    Shear at anchor =   9.89 k/ft

    Maximum positive moment =   1.08 k-ft/ft

    Maximum moment =   37.23 k-ft/ft
    Location of maximum moment =   11.50 ft below top of wall

    Maximum shear =   9.89 k/ft

    Maximum load =   1.66 ksf/ft
    Maximum defl. =   -0.08 in at   0.00 ft below top of wall
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Text Box
Case 3: Driving forces on interior wall including contribution to resisting pressures for north wall. Refer to Section-B on SOE-300 and SOE-400.



         X           P           V           M          DEF
        (ft)      (ksf/ft)     (k/ft)    (k-ft/ft)      (in)
------------------------------------------------------------------
        0.00        0.24        0.00        0.00       -0.08
        1.19        0.34        0.34       -0.19       -0.07
        2.37        0.44        0.81       -0.86       -0.06
        3.56        0.54        1.39       -2.15       -0.05
        4.74        0.64        2.09       -4.20       -0.04
        5.93        0.74        2.91       -7.16       -0.03
        7.11        0.84        3.85      -11.15       -0.02
        8.30        0.94        4.91      -16.33       -0.02
        9.48        1.04        6.09      -22.84       -0.01
       10.67        1.01        7.29      -30.78        0.00
       11.85        1.11       -9.51      -33.84        0.00
       13.04        1.21       -8.14      -23.36        0.00
       14.22        1.31       -6.65      -14.59        0.00
       15.41        1.41       -5.04       -7.64        0.00
       16.59        1.51       -3.32       -2.68        0.00
       17.78        1.61       -1.47        0.17        0.00
       18.96        0.46       -0.28        1.00        0.00
       20.15        0.27        0.19        1.02        0.00
       21.33        0.06        0.39        0.66        0.00
       22.52       -0.16        0.32        0.21        0.00
       23.70       -0.38        0.00        0.00        0.00

                         Pressure    (P/Pmax)

    1.0            0.5            0.0            -.5           -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0                          *   |
  1.2                        *     |
  2.4                      *       |
  3.6                    *         |
  4.7                  *           |
  5.9                 *            |
  7.1               *              |
  8.3             *                |
  9.5           *                  |
 10.7            *                 |
 11.9          *                   |
 13.0        *                     |
 14.2      *                       |
 15.4    *                         |
 16.6   *                          |
 17.8 *                            |
 19.0                      *       |
 20.1                         *    |
 21.3                             *|
 22.5                              |  *
 23.7                              |      *
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                           Moment    (M/Mmax)

    1.0            0.5            0.0            -.5           -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0                              *
  1.2                              *
  2.4                             *|
  3.6                            * |
  4.7                           *  |
  5.9                        *     |
  7.1                     *        |
  8.3                 *            |
  9.5            *                 |
 10.7     *                        |
 11.9   *                          |
 13.0           *                  |
 14.2                  *           |
 15.4                        *     |
 16.6                            * |
 17.8                              *
 19.0                              |*
 20.1                              |*
 21.3                              |*
 22.5                              *
 23.7                              *

                            Shear    (V/Vmax)

    1.0            0.5            0.0            -.5           -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0                              *
  1.2                              |*
  2.4                              | *
  3.6                              |   *
  4.7                              |     *
  5.9                              |        *
  7.1                              |           *
  8.3                              |              *
  9.5                              |                 *
 10.7                              |                     *
 11.9 *                            |
 13.0     *                        |
 14.2          *                   |
 15.4               *              |
 16.6                    *         |
 17.8                          *   |
 19.0                             *|
 20.1                              |*
 21.3                              |*
 22.5                              |*
 23.7                              *
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                    Deflection    (DELTA/DELTAmax)

    1.0            0.5            0.0            -.5           -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0                              |                             *
  1.2                              |                         *
  2.4                              |                      *
  3.6                              |                  *
  4.7                              |               *
  5.9                              |           *
  7.1                              |        *
  8.3                              |     *
  9.5                              |  *
 10.7                              |*
 11.9                              *
 13.0                             *|
 14.2                            * |
 15.4                            * |
 16.6                             *|
 17.8                             *|
 19.0                             *|
 20.1                             *|
 21.3                              *
 22.5                              *
 23.7                              *

119 of 231



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 3/13/2019

FOR     First Street Turning Basin Checked By: Date: 3/13/2019

SUBJECT: INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF.  - SOE STAGING - CASE 4 (LIQUEFACTION) case 1

Lateral Earth Pressures: Interior Wall Moves Towards South Liquefaction case: Contribution to driving forces on interior wall without resistance to passive pressures from North wall 

[ft] [ft] [pcf] [psf] [psf] [psf] (psf) (psf) [ft] [pcf] [psf] [psf] [psf] [psf] [psf] [ft]
0.7 0 57.6 0 0.333 1.00 0 0 0.70

-2 2.7 57.6 156 0.333 1.00 52 52 -2.00

-2 0 57.6 156 0.333 1.00 52 52 -2.00

-2.5 0.5 57.6 184 0.333 1.00 61 61 -2.50

-2.5 0 57.6 184 0.333 1.00 61 61 -2.50

-3 0.5 57.6 213 0.333 1.00 71 71 -3.00

-3 0 57.6 213 0.333 1.00 71 71 -3.00

-3.07 0.07 57.6 217 0.333 1.00 72 72 -3.07

-3.07 0 57.6 217 0.333 1.00 72 72 -3.07

-10 6.93 57.6 616 0.333 1.00 205 205 -10.00

-10 0 57.6 616 0.333 1.00 205 205 -10.00

-18.5 8.5 57.6 1106 0.333 1.00 369 369 -18.50

-18.5 0 57.6 1106 0.333 1.00 369 0 62.6 0 0.0 1.0 0 369 -18.50

-19 0.5 57.6 1135 0.333 1.00 378 0.5 62.6 31.3 0.0 1.00 0 378 -19.00

-19 0 62.6 1135 0.307 1.00 349 0 62.6 31.3 0.0 1.00 0 349 -19.00

-60 41 62.6 3701 0.307 1.00 1137 41 62.6 2598 0.0 1.00 0 1137 -60.00

-60 0 62.6 3701 0.307 1.00 1137 0 62.6 2598 3.3 1.00 -8455 -7318 -60.00

-100 40 62.6 6205 0.307 1.00 1907 40 62.6 5102 3.3 1.00 -16605 -14697.9 -100.00

Active Pressure: Reduction Factors Applied Below Subgrade : 
Passive Pressure: Ra =  1.000

Rp =  1.000

NOTES:
1
  Coefficient of active and passive earth pressure based on Rankine Theory.

2
  Subgrade at EL-16

F

S

γ σv kp Rp c Passive 
Pressurec Ra

Active 
Pressure

Brace effect 
from North 

wall

Water 
Pressure H

DRIVING FORCES RESISTING FORCES
Net 

Pressure Elev
Layer 1

Elev H γ σv ka

σa γ H⋅ ka⋅ 2C ka⋅−

σp γ H⋅ kp⋅ 2C kp⋅+
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 3/13/2019

FOR     First Street Turning Basin Checked By: Date: 3/13/2019

SUBJECT: PIPE PILE : INTERIOR - SOE STAGING - CASE 4 case 1

Net Lateral Pressures
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  Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS   File: 12541

Made By: SK Date: 3/13/2019

FOR          First Street Turning Basin Checked By: Date: 3/13/2019

SUBJECT: PIPE PILE : INTERIOR - SOE STAGING - CASE 4 case 1
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Case 4: Contribution to driving foces on interior wall without resistance to passive pressures from north wall. Refer to Section-B on SOE-300 and SOE-400.
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 3/13/2019

FOR     First Street Turning Basin Checked By: AA Date: 3/13/2019

SUBJECT: INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF.  - SOE STAGING - CASE 5 (LIQUEFACTION) case 1

Lateral Earth Pressures: Interior Wall Moves Towards South Liquefaction Codition: Contribution to driving forces on interior wall including resistance to passive pressures from North wa

[ft] [ft] [pcf] [psf] [psf] [psf] (psf) (psf) [ft] [pcf] [psf] [psf] [psf] [psf] [psf] [ft]
0.7 0 57.6 0 0.333 1.00 0 0 0 0.70

-2 2.7 57.6 156 0.333 1.00 52 177 229 -2.00

-2 0 57.6 156 0.333 1.00 52 177 229 -2.00

-2.5 0.5 57.6 184 0.333 1.00 61 210 272 -2.50

-2.5 0 57.6 184 0.333 1.00 61 210 272 -2.50

-3.07 0.57 57.6 217 0.333 1.00 72 248 320 -3.07

-3.07 0 57.6 217 0.333 1.00 72 248 320 -3.07

-10 6.93 57.6 616 0.333 1.00 205 703 908 -10.00

-10 0 57.6 616 0.333 1.00 205 703 908 -10.00

-17.63 7.63 57.6 1056 0.333 1.00 352 1204 1556 -17.63

-17.63 0 57.6 1056 0.333 1.00 352 0 352 -17.63

-18.5 0.87 57.6 1106 0.333 1.00 369 369 -18.50

-18.5 0 57.6 1106 0.333 1.00 369 0 57.6 0 0.0 1.0 0 369 -18.50

-19 0.5 57.6 1135 0.333 1.00 378 0.5 57.6 28.8 0.0 1.00 0 378 -19.00

-19 0 62.6 1135 0.307 1.00 349 0 62.6 28.8 0.0 1.00 0 349 -19.00

-21.4 2.4 62.6 1285 0.307 1.00 395 2.4 62.6 179 0.0 1.00 0 395 -21.40

-21.4 0 62.6 1285 0.307 1.00 395 0 62.6 179 0.0 1.00 0 395 -21.40

-60 38.6 62.6 3701 0.307 1.00 1137 38.6 62.6 2595 0.0 1.00 0 1137 -60.00

-60 0 62.6 3701 0.307 1.00 1137 0 62.6 2595 3.3 1.00 -8447 -7310 -60.00

-90 30 62.6 5579 0.307 1.00 1714 30 62.6 4473 3.3 1.00 -14559 -12844.8 -90.00

Active Pressure: Reduction Factors Applied Below Subgrade : 
Passive Pressure: Ra =  1.000

Rp =  1.000

NOTES:
1
  Coefficient of active and passive earth pressure based on Rankine Theory.

2
  Subgrade at EL-16
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Pressurec Ra

Active 
Pressure

Passive 
pressure effect 
for North wall

Water 
Pressure H
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Elev H γ σv ka

σa γ H⋅ ka⋅ 2C ka⋅−

σp γ H⋅ kp⋅ 2C kp⋅+
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 3/13/2019

FOR     First Street Turning Basin Checked By: AA Date: 3/13/2019

SUBJECT: INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF.  - SOE STAGING - CASE 5 case 1
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 3/13/2019

FOR     First Street Turning Basin Checked By: AA Date: 3/13/2019

SUBJECT: INTERIOR WALL FOR INTERTIDAL VEGETATIVE SHELF.  - SOE STAGING - CASE 5 case 1
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MUESER RUTLEDGE CONSULTING ENGINEERS

Anchored Wall Analysis V2.1 for Windows

Subject:

FREE EARTH METHOD
For an anchored wall with the following input:

   p (ksf)   q (ksf)   interval (ft)
 -------------------------------------------

    0.000  1.556    18.33
    0.352  0.369     0.87
    0.369  0.378     0.50
    0.349  1.137    40.00

   Pressure at slope (ksf):  7.31
   Pressure slope (ksf/ft):  0.184

   Flexural rigidity of wall [EI] (k-ft^2):  293724

   Distance from top of wall to anchor (ft):  15.7

 Results from analysis:
 ----------------------

 d =     42.77 ft embedment below z =   19.20
 with FS=1.0

 Total wall length =   61.97 ft

 Anchor Pull =   27.42 k/ft
 Moment at anchor =   54.75 k-ft/ft
 Shear at anchor =   16.95 k/ft

 Maximum positive moment =   161.69 k-ft/ft

 Maximum moment =   161.69 k-ft/ft
 Location of maximum moment =   41.97 ft below top of wall

 Maximum shear =   16.95 k/ft

 Maximum load =   -7.73 ksf/ft
 Maximum defl. =   -1.39 in at   40.28 ft below top of wall
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Case 5 (Liquefaction): Driving forces on interior wall including resistance to pressures from north wall. Refer to Section-B on SOE-300 and SOE-400.



         X           P           V           M          DEF
        (ft)      (ksf/ft)     (k/ft)    (k-ft/ft)      (in)
------------------------------------------------------------------
        0.00        0.00        0.00        0.00        1.09
        3.10        0.26        0.41       -0.42        0.88
        6.20        0.53        1.63       -3.37        0.67
        9.30        0.79        3.67      -11.36        0.46
       12.39        1.05        6.52      -26.94        0.24
       15.49        1.32       10.19      -52.61        0.02
       18.59        0.36      -13.06      -11.61       -0.24
       21.69        0.39      -11.92       27.12       -0.49
       24.79        0.45      -10.62       62.10       -0.73
       27.89        0.51       -9.14       92.77       -0.96
       30.98        0.57       -7.46      118.53       -1.14
       34.08        0.63       -5.60      138.82       -1.28
       37.18        0.69       -3.54      153.03       -1.35
       40.28        0.75       -1.30      160.58       -1.39
       43.38        0.82        1.13      160.90       -1.34
       46.48        0.88        3.75      153.38       -1.24
       49.58        0.94        6.56      137.45       -1.07
       52.67        1.00        9.56      112.52       -0.86
       55.77        1.06       12.75       78.00       -0.59
       58.87        1.12       16.13       33.31       -0.31
       61.97       -7.73        0.00        0.01        0.00

                         Pressure    (P/Pmax)

    1.0            0.5            0.0            -.5           -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0                              *
  3.1                             *|
  6.2                            * |
  9.3                           *  |
 12.4                          *   |
 15.5                         *    |
 18.6                             *|
 21.7                            * |
 24.8                            * |
 27.9                            * |
 31.0                            * |
 34.1                            * |
 37.2                           *  |
 40.3                           *  |
 43.4                           *  |
 46.5                           *  |
 49.6                          *   |
 52.7                          *   |
 55.8                          *   |
 58.9                          *   |
 62.0                              |                             *
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                           Moment    (M/Mmax)

    1.0            0.5            0.0            -.5           -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0                              *
  3.1                              *
  6.2                             *|
  9.3                            * |
 12.4                         *    |
 15.5                    *         |
 18.6                            * |
 21.7                              |    *
 24.8                              |           *
 27.9                              |                *
 31.0                              |                     *
 34.1                              |                         *
 37.2                              |                           *
 40.3                              |                             *
 43.4                              |                             *
 46.5                              |                           *
 49.6                              |                         *
 52.7                              |                    *
 55.8                              |             *
 58.9                              |     *
 62.0                              *

                            Shear    (V/Vmax)

    1.0            0.5            0.0            -.5           -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0                              *
  3.1                              |*
  6.2                              |  *
  9.3                              |     *
 12.4                              |           *
 15.5                              |                 *
 18.6       *                      |
 21.7         *                    |
 24.8           *                  |
 27.9              *               |
 31.0                 *            |
 34.1                    *         |
 37.2                        *     |
 40.3                            * |
 43.4                              | *
 46.5                              |      *
 49.6                              |           *
 52.7                              |                *
 55.8                              |                      *
 58.9                              |                            *
 62.0                              *
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                    Deflection    (DELTA/DELTAmax)

    1.0            0.5            0.0            -.5           -1.0
X(ft)+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+
  0.0      *                       |
  3.1           *                  |
  6.2               *              |
  9.3                    *         |
 12.4                         *    |
 15.5                              *
 18.6                              |    *
 21.7                              |          *
 24.8                              |               *
 27.9                              |                    *
 31.0                              |                        *
 34.1                              |                           *
 37.2                              |                            *
 40.3                              |                             *
 43.4                              |                            *
 46.5                              |                          *
 49.6                              |                      *
 52.7                              |                  *
 55.8                              |            *
 58.9                              |      *
 62.0                              *
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CLOSURE WALL AT BASIN ENTRANCE 
 

(AT GOWANUS INTERFACE)  
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  Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS   File: 12541

Made By: SK Date: 4/16/2019
FOR          First Street Turning Basin Checked By: Date: 4/16/2019

SUBJECT: SOE STAGING SUMMARY : WEST RETAINING WALL (20.5" DIA. INTERLOCKED PIPE PILES) ALONG THE CANAL

Mmax Vmax FS = 1.5 FS = 1.2

k*ft/ft k/ft El. ft El. in

32.5 11.1 -15.0 21.0 -36.0 0.4

69.1 18.4 -15.0 21.0 -36.0 1.1

 *Maximum deflection in each stage occurs at top of wall.

Embedment 

Depth below 

Subgrade

Max. Deflection Notes

in

Minimum Pile 

Tip Elevation

Maximum 

Wall 

Shear

SECTION / STAGE

Maximum 

Wall 

Moment

Case 2 Grade EL. 1

Excavate to EL. -15 Cantilever (2 ft. lag in water 

between two sides of pipe piles)

Subgrade 

Elevation

Case 1 Grade EL. 1

Excavate to EL. -15 Cantilever (No lag in water 

on either side of pipe piles)

No surcharge

No surcharge
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skundu
Text Box
Refer to Section-E on SOE-300 and SOE-401.



  Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS   File: 12541

Made By: SK Date: 4/16/2019
FOR          First Street Turning Basin Checked By: Date: 4/16/2019

SUBJECT: SOE STAGING SUMMARY : WEST RETAINING WALL (20.5" DIA. INTERLOCKED PIPE PILES) ALONG THE CANAL
Check

fy 50

Reqd S M/0.6fy 27.64 in^3

Int Wall 20"x0.625" pipe

Max M 69.1 k*ft

Max V 18.4 kip

S available 147.0 in^3

Stress (static) 5.6 ksi

Shear area available 19 in^2

Shear area reqd 0.92 ksi
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 4/16/2019

FOR     First Street Turning Basin Checked By: Date: 4/16/2019

SUBJECT: WEST CLOSURE WALL AT ENTRANCE TO BASIN- SOE STAGING Stage 1

Lateral Earth Pressures:

[ft] [ft] [pcf] [psf] [psf] [psf] (psf) (psf) [ft] [pcf] [psf] [psf] [psf] [psf] [psf] [ft]
2 0 0 0 0.333 1.00 0 0 2

1 1 0 0 0.333 1.00 0 0 1

1 0 57.6 0 0.333 1.00 0 0 1

-1 2 57.6 115 0.333 1.00 38 38 -1

-1 0 57.6 115 0.333 1.00 38 38 -1

-5 4 57.6 346 0.333 1.00 115 115 -5

-5 0 57.6 346 0.333 1.00 115 115 -5

-9 4 57.6 576 0.333 1.00 192 192 -9

-9 0 57.6 576 0.333 1.00 192 192 -9

-15 6 57.6 922 0.333 1.00 307 307 -15

-15 0 57.6 922 0.333 1.00 307 0 52.6 0 3.00 1.00 0 307 -15

-19 4 57.6 1152 0.333 1.00 384 4 52.6 210 3.00 1.00 -631 -247 -19

-19 0 62.6 1152 0.307 1.00 354 0 62.6 210 3.25 1.00 -685 -331 -19

-21.5 2.5 62.6 1309 0.307 1.00 402 2.5 62.6 367 3.25 1.00 -1194 -792 -21.5

-21.5 0 62.6 1309 0.307 1.00 402 0 62.6 367 3.25 1.00 -1194 -792 -21.5

-25 3.5 62.6 1528 0.307 1.00 469 3.5 62.6 586 3.25 1.00 -1907 -1438 -25

Active Pressure: Reduction Factors Applied Below Subgrade : 
Passive Pressure: Ra =  1.000

Rp =  1.000

NOTES:
1
  Coefficient of active and passive earth pressure based on Rankine Theory.

2
  Subgrade slopes from ~El. 0.0 to ~El.-1 .0  so avg. EL. -0.5 used as subgrade

3
  Full passive used for analysis.

F

S

γ σv kp Rp c Passive 
Pressurec Ra

Active 
Pressure

600psf 
Construction 
Surcharge

Water 
Pressure H

DRIVING FORCES RESISTING FORCES
Net 

Pressure Elev
Layer 1

Elev H γ σv ka

σa γ H⋅ ka⋅ 2C ka⋅−

σp γ H⋅ kp⋅ 2C kp⋅+
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Text Box
Stage 1: Excavate to EL -15.0 with no lag in water on either side of pipe piles.



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 4/16/2019

FOR     First Street Turning Basin Checked By: Date: 4/16/2019

SUBJECT: WEST CLOSURE WALL AT ENTRANCE TO BASIN - SOE STAGING Stage 1

Net Lateral Pressures

0

0

0

38 38

115115
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384354

402402
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Water Pressure

F

S

Grade El. 1

Subgrade El. -15
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Typewritten Text
No lag in water between 2 sides of Pile



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 4/16/2019

FOR     First Street Turning Basin Checked By: Date: 4/16/2019

SUBJECT: WEST CLOSURE WALL AT ENTRANCE TO BASIN - SOE STAGING Stage 1
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Text Box
Case 1: No lag in water between two sides of pipe pile



142 of 231



143 of 231



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 4/16/2019

FOR     First Street Turning Basin Checked By: Date: 4/16/2019

SUBJECT: WEST CLOSURE WALL AT ENTRANCE TO BASIN - SOE STAGING Stage 1

Lateral Earth Pressures:

[ft] [ft] [pcf] [psf] [psf] [psf] (psf) (psf) [ft] [pcf] [psf] [psf] [psf] [psf] [psf] [ft]
2 0 0 0 0.333 1.00 0 0 0 2

2 0 0 0 0.333 1.00 0 0 0 2

1 1 0 0 0.333 1.00 0 62 62 1

1 0 57.6 0 0.333 1.00 0 62 62 1

0 1 57.6 58 0.333 1.00 19 125 144 0

0 0 57.6 58 0.333 1.00 19 125 144 0

-5 5 57.6 346 0.333 1.00 115 125 240 -5

-9 4 57.6 576 0.333 1.00 192 125 317 -9

-9 0 57.6 576 0.333 1.00 192 125 317 -9

-15 6 57.6 922 0.333 1.00 307 125 432 -15

-15 0 57.6 922 0.333 1.00 307 125 0 52.6 0 3.00 1.00 0 432 -15

-19 4 57.6 1152 0.333 1.00 384 125 4 52.6 210 3.00 1.00 -631 -122 -19

-19 0 62.6 1152 0.307 1.00 354 125 0 62.6 210 3.25 1.00 -685 -206 -19

-21.5 2.5 62.6 1309 0.307 1.00 402 125 2.5 62.6 367 3.25 1.00 -1194 -667 -21.5

-21.5 0 62.6 1309 0.307 1.00 402 125 0 62.6 367 3.25 1.00 -1194 -667 -21.5

-25 3.5 62.6 1528 0.307 1.00 469 125 3.5 62.6 586 3.25 1.00 -1907 -1313 -25

Active Pressure: Reduction Factors Applied Below Subgrade : 
Passive Pressure: Ra =  1.000

Rp =  1.000

NOTES:
1
  Coefficient of active and passive earth pressure based on Rankine Theory.

2
  Subgrade slopes from ~El. 0.0 to ~El.-1 .0  so avg. EL. -0.5 used as subgrade

3
  Full passive used for analysis.

DRIVING FORCES RESISTING FORCES
Net 

Pressure Elev
Layer 1

Elev H γ σv ka c Passive 
Pressurec Ra

Active 
Pressure

600psf 
Construction 
Surcharge

Water 
Pressure H

F

S

γ σv kp Rp

σa γ H⋅ ka⋅ 2C ka⋅−

σp γ H⋅ kp⋅ 2C kp⋅+

144 of 231

skundu
Text Box
Stage 2: Excavate to EL. -15.0 with 2 ft. lag in water on either side of pipe piles.



 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 4/16/2019

FOR     First Street Turning Basin Checked By: Date: 4/16/2019

SUBJECT: WEST CLOSURE WALL AT ENTRANCE TO BASIN - SOE STAGING Stage 1

Net Lateral Pressures
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Subgrade El. -15
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Water pressure is accounting for 2 ft. of lag in water between two sides of sheet pile 
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 Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS  File: 12541

Made By: SK Date: 4/16/2019

FOR     First Street Turning Basin Checked By: Date: 4/16/2019

SUBJECT: WEST CLOSURE WALL AT ENTRANCE TO BASIN - SOE STAGING Stage 1
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WEST CLOSURE WALL AT 
ENTRANCE TO BASIN
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Text Box
Case 2: 2 ft of lag in water between two sides of pile.
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  Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS   File: 12541

Made By: TC Date: 12/13/2018

FOR      First Street Turning Basin Checked By: Date:

SUBJECT: Bracing analysis summary

Mx My Pmax Lb Mcx Mcy Pc -
k*ft/ft k*ft/ft k/ft ft k*ft/ft k*ft/ft k/ft -

0.0 0.0 400.0 30.0 400.1 227.2 493.7 0.81

516.7 2.5 0.0 16.0 543.2 230.6 884.9 0.96

0.0 0.0 1750.0 15.0 1423.2 1423.2 2216.6 0.79

2401.1 0.0 0.0 5.5 2849.2 1585.1 5333.2 0.84

Pe
rm

an
en

t b
ra

ci
ng

Se
pe

ra
te

d 
se

ct
io

n Strut
HP16x162 125.0

Lb=half length
No strength reduction 

for liquefaction  

Wale
W24x176 w/ conc. 125.0 Cantilever = 5.5ft

No overstress included

Te
m

po
ra

ry
 b

ra
ci

ng

Lb=full length

Wale
HP16x121
@ EL. +1

25.0 Strut spacing = 16ft

Strut
HP14x117
@ EL. +1

25.0

SECTION / STAGE
Brace Reaction

Strong 
Axis 

Moment

Max. 
Axial 
force

Moment 
Capacity

x-x

Axial 
Capacity

D/C
ratio Notes

-

Unbraced 
length

Weak 
Axis 

Moment

Moment 
Capacity

y-y

k/ft
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Company : MRCE Dec 13, 2018
7:57 PMDesigner : TC

Job Number : 12541 Checked By: SK
Model Name : First Street Turning Basin - Bracing El.1

(Global) Model Settings
Display Sections for Member Calcs
Max Internal Sections for Member Calcs
Include Shear Deformation?
Increase Nailing Capacity for Wind?
Merge Tolerance (in)
P-Delta Analysis Tolerance
Include P-Delta for Walls?
Automatically Iterate Stiffness for Walls?
Max Iterations for Wall Stiffness
Gravity Acceleration (ft/sec^2)
Wall Mesh Size (in)
Eigensolution Convergence Tol. (1.E-)
Dynamic Solver

5 
97 
Yes
Yes
.12
0.50%
Yes
Yes
3
32.2
12
4
Accelerated Solver

Hot Rolled Steel Code
Adjust Stiffness?
Cold Formed Steel Code
Wood Code
Wood Temperature
Concrete Code
Masonry Code
Aluminum Code

AISC 14th(360-10): ASD
Yes(Iterative)
AISI S100-12: ASD
AWC NDS-12: ASD
< 100F
ACI 318-11
ACI 530-13: ASD
AA ADM1-10: ASD - Building
AISC 14th(360-10): ASD

Number of Shear Regions
Region Spacing Increment (in)
Concrete Stress Block
Use Cracked Sections?
Bad Framing Warnings?
Unused Force Warnings?
Min 1 Bar Diam. Spacing?
Concrete Rebar Set
Min % Steel for Column
Max % Steel for Column

4
4
Rectangular
Yes
No
Yes
No
REBAR_SET_ASTMA615
1
8

Joint Coordinates and Temperatures
Label X [ft] Y [ft] Temp [F]

1 N3(0) 0 -12 0
2 N4(29) 29 -12 0
3 J3(6) 6 -12 0
4 J4(23) 23 -12 0
5 N1(0) 0 0 0
6 N2(29) 29 0 0
7 J1(5.5) 5.5 0 0
8 J2(23.5) 23.5 0 0
9 N5(0) 0 -24 0
10 N6(29) 29 -24 0
11 J5(6.5) 6.5 -24 0
12 J6(22.5) 22.5 -24 0

RISA-2D Version 17.0.1      Page 1 [F:\125\12541\Calculation Package\Bracing\1. Brace Analysis Risa.r2d] 
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Company : MRCE Dec 13, 2018
7:57 PMDesigner : TC

Job Number : 12541 Checked By: SK
Model Name : First Street Turning Basin - Bracing El.1

Joint Boundary Conditions
Joint Label X [k/in] Y [k/in] Rotation[k-ft/rad]

1 N3(0)
2 N4(29)
3 J3(6) Reaction Reaction
4 J4(23) Reaction Reaction
5 J1(5.5) Reaction Reaction
6 J2(23.5) Reaction Reaction
7 J5(6.5) Reaction Reaction
8 J6(22.5) Reaction Reaction

Member Primary Data
Label I Joint J Joint Rotate(d... Section/Shape Type Design List Material Design Rul...

1 W2 N3(0) N4(29) HP16x121 Beam Wide Flange A36 Gr.36 Typical
2 W1 N1(0) N2(29) HP16x121 Beam Wide Flange A36 Gr.36 Typical
3 W3 N5(0) N6(29) HP16x121 Beam Wide Flange A36 Gr.36 Typical

Member Distributed Loads (BLC 1 : Brace Unit Load)
Member Label Direction Start Magnitude[k/ft,... End Magnitude[k/ft,F... Start Location[ft,%] End Location[ft,%]

1 W2 Y -1.25 -1.25 0 6
2 W2 Y -1 -1 6 23
3 W2 Y -1.25 -1.25 23 29
4 W1 Y -1.27 -1.27 23.5 29
5 W1 Y -1.27 -1.27 0 5.5
6 W1 Y -1 -1 5.5 23.5
7 W3 Y -1 -1 6.5 22.5
8 W3 Y -1.23 -1.23 0 6.5
9 W3 Y -1.23 -1.23 22.5 29

Basic Load Cases
BLC Description Category X Gravity Y Gravity Joint Point Distributed

1 Brace Unit Load None 9

Load Combinations
Description Solve PDelta S... BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...

1 Brace Unit Load Yes 1 1

Joint Reactions (By Combination)
LC Joint Label X [k] Y [k] MZ [k-ft]

1 1 J3(6) 0 16 0
2 1 J4(23) 0 16 0
3 1 J1(5.5) 0 15.985 0
4 1 J2(23.5) 0 15.985 0
5 1 J5(6.5) 0 15.995 0
6 1 J6(22.5) 0 15.995 0

RISA-2D Version 17.0.1 Page 2 [F:\125\12541\Calculation Package\Bracing\1. Brace Analysis Risa.r2d] 
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Company : MRCE Dec 13, 2018
7:57 PMDesigner : TC

Job Number : 12541 Checked By: SK
Model Name : First Street Turning Basin - Bracing El.1

Joint Reactions (By Combination) (Continued)
LC Joint Label X [k] Y [k] MZ [k-ft]

7 1 Totals: 0 95.96
8 1 COG (ft): X: 14.5 Y: -12.003

Member Section Forces
LC Member Label Sec Axial[k] Shear[k] Moment[k-ft]

1 1 W2 1 0 0 0
2 2 0 7.25 12.657
3 3 0 0 -13.625
4 4 0 -7.25 12.657
5 5 0 0 0
6 1 W1 1 0 0 0
7 2 0 7.25 4.994
8 3 0 0 -21.291
9 4 0 -7.25 4.994
10 5 0 0 0
11 1 W3 1 0 0 0
12 2 0 7.25 20.268
13 3 0 0 -6.016
14 4 0 -7.25 20.268
15 5 0 0 0

Member Section Deflections Service
LC Member Label Sec x [in] y [in] (n) L/y' Ratio

No Data to Print ...

Member Point Loads 
Member Label Direction Magnitude[k,k-ft] Location[ft,%]

No Data to Print ...

Member AISC 14th(360-10): ASD Steel Code Checks
LC Member Shape UC Max Loc[ft] Shear ...Loc[ft] Pnc/o... Pnt/o... Mn/om... Cb Eqn

1 1 W2 HP16x121 - P-Delta analysis required for all AISC 360-10 Lo...
2 1 W1 HP16x121 - P-Delta analysis required for all AISC 360-10 Lo...
3 1 W3 HP16x121 - P-Delta analysis required for all AISC 360-10 Lo...

Concrete Beam Design Parameters
Label Shape Length[ft] B-eff Left[in] B-eff Right[in] Slab Thic... Slab Thic... Icr Factor Flexural L...Shear Lay...

No Data to Print ...

RISA-2D Version 17.0.1      Page 3 [F:\125\12541\Calculation Package\Bracing\1. Brace Analysis Risa.r2d] 
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Company : MRCE Dec 13, 2018
7:57 PMDesigner : TC

Job Number : 12541 Checked By: SK
Model Name : First Street Turning Basin - Bracing El.1

Concrete Column Design Parameters
Label Shape Length[ft] Lu-out[ft] Lu-in[ft] Cm-out Cm-in K-out K-in Out sw...In sway Icr Fac...Flexur... Shear ...

No Data to Print ...

Joint Loads and Enforced Displacements 
Joint Label L,D,M Direction Magnitude[(k,k-ft), (in,rad), (k*s^2/f...

No Data to Print ...

Joint Deflections
LC Joint Label X [in] Y [in] Rotation [rad]

1 1 N3(0) 0 -.008 1.231e-04
2 1 N4(29) 0 -.008 -1.231e-04
3 1 J3(6) 0 0 -5.254e-05
4 1 J4(23) 0 0 5.254e-05
5 1 N1(0) 0 .009 -1.363e-04
6 1 N2(29) 0 .009 1.363e-04
7 1 J1(5.5) 0 0 -2.737e-04
8 1 J2(23.5) 0 0 2.737e-04
9 1 N5(0) 0 -.027 3.65e-04
10 1 N6(29) 0 -.027 -3.65e-04
11 1 J5(6.5) 0 0 1.452e-04
12 1 J6(22.5) 0 0 -1.452e-04

Member End Reactions
LC Member Label Member E... Axial[k] Shear[k] Moment[k-ft]

1 1 W2 I 0 0 0
2 J 0 0 0
3 1 W1 I 0 0 0
4 J 0 0 0
5 1 W3 I 0 0 0
6 J 0 0 0

Member Section Stresses
LC Member Label Sec Axial[ksi] Shear[ksi] Top Bending[ksi] Bot Bending[ksi]

1 1 W2 1 0 0 0 0
2 2 0 .612 -.755 .755
3 3 0 0 .812 -.812
4 4 0 -.612 -.755 .755
5 5 0 0 0 0
6 1 W1 1 0 0 0 0
7 2 0 .612 -.298 .298
8 3 0 0 1.269 -1.269
9 4 0 -.612 -.298 .298
10 5 0 0 0 0
11 1 W3 1 0 0 0 0
12 2 0 .612 -1.208 1.208
13 3 0 0 .359 -.359
14 4 0 -.612 -1.208 1.208

RISA-2D Version 17.0.1      Page 4 [F:\125\12541\Calculation Package\Bracing\1. Brace Analysis Risa.r2d] 
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Company : MRCE Dec 13, 2018
7:57 PMDesigner : TC

Job Number : 12541 Checked By: SK
Model Name : First Street Turning Basin - Bracing El.1

Member Section Stresses (Continued)
LC Member Label Sec Axial[ksi] Shear[ksi] Top Bending[ksi] Bot Bending[ksi]

15 5 0 0 0 0

RISA-2D Version 17.0.1      Page 5 [F:\125\12541\Calculation Package\Bracing\1. Brace Analysis Risa.r2d] 
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Text Box
Refer to west end of temporary bracing on SOE-300.



Company : MRCE Dec 13, 2018
7:58 PMDesigner : TC

Job Number : 12541 Checked By: SK
Model Name : East Corner Bracing

(Global) Model Settings
Display Sections for Member Calcs
Max Internal Sections for Member Calcs
Include Shear Deformation?
Increase Nailing Capacity for Wind?
Merge Tolerance (in)
P-Delta Analysis Tolerance
Include P-Delta for Walls?
Automatically Iterate Stiffness for Walls?
Max Iterations for Wall Stiffness
Gravity Acceleration (ft/sec^2)
Wall Mesh Size (in)
Eigensolution Convergence Tol. (1.E-)
Dynamic Solver

5 
97 
Yes
Yes
.12
0.50%
Yes
Yes
3
32.2
12
4
Accelerated Solver

Hot Rolled Steel Code
Adjust Stiffness?
Cold Formed Steel Code
Wood Code
Wood Temperature
Concrete Code
Masonry Code
Aluminum Code

AISC 14th(360-10): ASD
Yes(Iterative)
AISI S100-12: ASD
AWC NDS-12: ASD
< 100F
ACI 318-11
ACI 530-13: ASD
AA ADM1-10: ASD - Building
AISC 14th(360-10): ASD

Number of Shear Regions
Region Spacing Increment (in)
Concrete Stress Block
Use Cracked Sections?
Bad Framing Warnings?
Unused Force Warnings?
Min 1 Bar Diam. Spacing?
Concrete Rebar Set
Min % Steel for Column
Max % Steel for Column

4
4
Rectangular
Yes
No
Yes
No
REBAR_SET_ASTMA615
1
8

Joint Coordinates and Temperatures
Label X [ft] Y [ft] Temp [F]

1 N1 0 0 0
2 N2 10 0 0
3 N3 18 0 0
4 N4 20.5 0 0
5 N11 0 5 0
6 N14 30 5 0
7 N12 10 5 0
8 N13 18 5 0
9 N21 0 10 0
10 N22 13 10 0
11 N23 25 10 0
12 N24 28 10 0
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Job Number : 12541 Checked By: SK
Model Name : East Corner Bracing

Joint Boundary Conditions
Joint Label X [k/in] Y [k/in] Rotation[k-ft/rad]

1 N2 Reaction Reaction
2 N3 Reaction Reaction
3 N12 Reaction Reaction
4 N13 Reaction Reaction
5 N22 Reaction Reaction
6 N23 Reaction Reaction
7 N1 Reaction Reaction
8 N11 Reaction Reaction
9 N14 Reaction Reaction
10 N21 Reaction Reaction

Member Primary Data
Label I Joint J Joint Rotate(d... Section/Shape Type Design List Material Design Rul...

1 M1 N1 N4 HR1A Beam None A36 Gr.36 Typical
2 M2 N11 N14 HR1A Beam None A36 Gr.36 Typical
3 M3 N21 N24 HR1A Beam None A36 Gr.36 Typical

Member Distributed Loads (BLC 1 : )
Member Label Direction Start Magnitude[k/ft,... End Magnitude[k/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -1 -1 0 %100
2 M2 Y -1 -1 0 %100
3 M3 Y -1 -1 0 %100

Basic Load Cases
BLC Description Category X Gravity Y Gravity Joint Point Distributed

1 None 3

Load Combinations
Description Solve PDelta S... BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...

1 ANCHPULL Yes 1 1

Joint Reactions (By Combination)
LC Joint Label X [k] Y [k] MZ [k-ft]

1 1 N2 0 10.752 0
2 1 N3 0 5.701 0
3 1 N12 0 9.216 0
4 1 N13 0 11.577 0
5 1 N22 0 15.049 0
6 1 N23 0 7.854 0
7 1 N1 0 4.048 0
8 1 N11 0 4.225 0
9 1 N14 0 4.982 0
10 1 N21 0 5.096 0
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Job Number : 12541 Checked By: SK
Model Name : East Corner Bracing

Joint Reactions (By Combination) (Continued)
LC Joint Label X [k] Y [k] MZ [k-ft]

11 1 Totals: 0 78.5
12 1 COG (ft): X: 13.403 Y: 5.478

Member Section Forces
LC Member Label Sec Axial[k] Shear[k] Moment[k-ft]

1 1 M1 1 0 4.048 0
2 2 0 -1.077 -7.612
3 3 0 4.549 8.352
4 4 0 -.576 -1.83
5 5 0 0 0
6 1 M2 1 0 4.225 0
7 2 0 -3.275 -3.563
8 3 0 -1.559 3.043
9 4 0 2.518 -9.238
10 5 0 -4.982 0
11 1 M3 1 0 5.096 0
12 2 0 -1.904 -11.173
13 3 0 6.146 11.601
14 4 0 -.854 -6.918
15 5 0 0 0

Member Section Deflections Service
LC Member Label Sec x [in] y [in] (n) L/y' Ratio

No Data to Print ...

Member Point Loads 
Member Label Direction Magnitude[k,k-ft] Location[ft,%]

No Data to Print ...

Member AISC 14th(360-10): ASD Steel Code Checks
LC Member Shape UC Max Loc[ft] Shear ...Loc[ft] Pnc/o... Pnt/o... Mn/om... Cb Eqn

1 1 M1 W10x33 - P-Delta analysis required for all AISC 360-10 Lo...
2 1 M2 W10x33 - P-Delta analysis required for all AISC 360-10 Lo...
3 1 M3 W10x33 - P-Delta analysis required for all AISC 360-10 Lo...

Concrete Beam Design Parameters
Label Shape Length[ft] B-eff Left[in] B-eff Right[in] Slab Thic... Slab Thic... Icr Factor Flexural L...Shear Lay...

No Data to Print ...
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Model Name : East Corner Bracing

Concrete Column Design Parameters
Label Shape Length[ft] Lu-out[ft] Lu-in[ft] Cm-out Cm-in K-out K-in Out sw...In sway Icr Fac...Flexur... Shear ...

No Data to Print ...

Joint Loads and Enforced Displacements 
Joint Label L,D,M Direction Magnitude[(k,k-ft), (in,rad), (k*s^2/f...

No Data to Print ...

Joint Deflections
LC Joint Label X [in] Y [in] Rotation [rad]

1 1 N1 0 0 -9.702e-04
2 1 N2 0 0 3.268e-04
3 1 N3 0 0 3.943e-05
4 1 N4 0 -.002 -5.51e-05
5 1 N11 0 0 -1.071e-03
6 1 N14 0 0 1.762e-03
7 1 N12 0 0 5.473e-04
8 1 N13 0 0 -8.032e-04
9 1 N21 0 0 -1.937e-03
10 1 N22 0 0 4.03e-04
11 1 N23 0 0 6.761e-04
12 1 N24 0 .018 5.127e-04

Member End Reactions
LC Member Label Member E... Axial[k] Shear[k] Moment[k-ft]

1 1 M1 I 0 4.048 0
2 J 0 0 0
3 1 M2 I 0 4.225 0
4 J 0 -4.982 0
5 1 M3 I 0 5.096 0
6 J 0 0 0

Member Section Stresses
LC Member Label Sec Axial[ksi] Shear[ksi] Top Bending[ksi] Bot Bending[ksi]

1 1 M1 1 0 1.435 0 0
2 2 0 -.382 2.599 -2.599
3 3 0 1.612 -2.851 2.851
4 4 0 -.204 .625 -.625
5 5 0 0 0 0
6 1 M2 1 0 1.497 0 0
7 2 0 -1.161 1.216 -1.216
8 3 0 -.552 -1.039 1.039
9 4 0 .892 3.154 -3.154
10 5 0 -1.766 0 0
11 1 M3 1 0 1.806 0 0
12 2 0 -.675 3.815 -3.815
13 3 0 2.178 -3.961 3.961
14 4 0 -.303 2.362 -2.362
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Member Section Stresses (Continued)
LC Member Label Sec Axial[ksi] Shear[ksi] Top Bending[ksi] Bot Bending[ksi]

15 5 0 0 0 0
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Company : MRCE Dec 13, 2018
7:58 PMDesigner : TC

Job Number : 12541 Checked By: SK
Model Name : West Corner Bracing

(Global) Model Settings
Display Sections for Member Calcs
Max Internal Sections for Member Calcs
Include Shear Deformation?
Increase Nailing Capacity for Wind?
Merge Tolerance (in)
P-Delta Analysis Tolerance
Include P-Delta for Walls?
Automatically Iterate Stiffness for Walls?
Max Iterations for Wall Stiffness
Gravity Acceleration (ft/sec^2)
Wall Mesh Size (in)
Eigensolution Convergence Tol. (1.E-)
Dynamic Solver

5 
97 
Yes
Yes
.12
0.50%
Yes
Yes
3
32.2
12
4
Accelerated Solver

Hot Rolled Steel Code
Adjust Stiffness?
Cold Formed Steel Code
Wood Code
Wood Temperature
Concrete Code
Masonry Code
Aluminum Code

AISC 14th(360-10): ASD
Yes(Iterative)
AISI S100-12: ASD
AWC NDS-12: ASD
< 100F
ACI 318-11
ACI 530-13: ASD
AA ADM1-10: ASD - Building
AISC 14th(360-10): ASD

Number of Shear Regions
Region Spacing Increment (in)
Concrete Stress Block
Use Cracked Sections?
Bad Framing Warnings?
Unused Force Warnings?
Min 1 Bar Diam. Spacing?
Concrete Rebar Set
Min % Steel for Column
Max % Steel for Column

4
4
Rectangular
Yes
No
Yes
No
REBAR_SET_ASTMA615
1
8

Joint Coordinates and Temperatures
Label X [ft] Y [ft] Temp [F]

1 N1 0 0 0
2 N2 6 0 0
3 N3 22.3 0 0
4 N4 26.5 0 0
5 N11 0 5 0
6 N14 32 5 0
7 N12 5 5 0
8 N13 27 5 0
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Joint Boundary Conditions
Joint Label X [k/in] Y [k/in] Rotation[k-ft/rad]

1 N2 Reaction Reaction
2 N3 Reaction Reaction
3 N12 Reaction Reaction
4 N13 Reaction Reaction

Member Primary Data
Label I Joint J Joint Rotate(d... Section/Shape Type Design List Material Design Rul...

1 M1 N1 N4 HR1A Beam None A36 Gr.36 Typical
2 M2 N11 N14 HR1A Beam None A36 Gr.36 Typical

Member Distributed Loads (BLC 1 : )
Member Label Direction Start Magnitude[k/ft,... End Magnitude[k/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -1 -1 0 %100
2 M2 Y -1 -1 0 %100

Basic Load Cases
BLC Description Category X Gravity Y Gravity Joint Point Distributed

1 None 2

Load Combinations
Description Solve PDelta S... BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...BLCFac...

1 ANCHPULL Yes 1 1

Joint Reactions (By Combination)
LC Joint Label X [k] Y [k] MZ [k-ft]

1 1 N2 0 14.713 0
2 1 N3 0 11.787 0
3 1 N12 0 16 0
4 1 N13 0 16 0
5 1 Totals: 0 58.5
6 1 COG (ft): X: 14.754 Y: 2.735

Member Section Forces
LC Member Label Sec Axial[k] Shear[k] Moment[k-ft]

1 1 M1 1 0 0 0
2 2 0 8.088 12.753
3 3 0 1.463 -18.886
4 4 0 -5.162 -6.635
5 5 0 0 0
6 1 M2 1 0 0 0
7 2 0 8 -15.998
8 3 0 0 -48
9 4 0 -8 -15.998
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Member Section Forces (Continued)
LC Member Label Sec Axial[k] Shear[k] Moment[k-ft]

10 5 0 0 0

Member Section Deflections Service
LC Member Label Sec x [in] y [in] (n) L/y' Ratio

No Data to Print ...

Member Point Loads 
Member Label Direction Magnitude[k,k-ft] Location[ft,%]

No Data to Print ...

Member AISC 14th(360-10): ASD Steel Code Checks
LC Member Shape UC Max Loc[ft] Shear ...Loc[ft] Pnc/o... Pnt/o... Mn/om... Cb Eqn

1 1 M1 W10x33 - P-Delta analysis required for all AISC 360-10 Lo...
2 1 M2 W10x33 - P-Delta analysis required for all AISC 360-10 Lo...

Concrete Beam Design Parameters
Label Shape Length[ft] B-eff Left[in] B-eff Right[in] Slab Thic... Slab Thic... Icr Factor Flexural L...Shear Lay...

No Data to Print ...

Concrete Column Design Parameters
Label Shape Length[ft] Lu-out[ft] Lu-in[ft] Cm-out Cm-in K-out K-in Out sw...In sway Icr Fac...Flexur... Shear ...

No Data to Print ...

Joint Loads and Enforced Displacements 
Joint Label L,D,M Direction Magnitude[(k,k-ft), (in,rad), (k*s^2/f...

No Data to Print ...

Joint Deflections
LC Joint Label X [in] Y [in] Rotation [rad]

1 1 N1 0 .074 -8.035e-04
2 1 N2 0 0 -2.11e-03
3 1 N3 0 0 3.055e-03
4 1 N4 0 .133 2.607e-03
5 1 N11 0 .627 -1.036e-02
6 1 N14 0 .627 1.036e-02
7 1 N12 0 0 -1.111e-02
8 1 N13 0 0 1.111e-02
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Member End Reactions
LC Member Label Member E... Axial[k] Shear[k] Moment[k-ft]

1 1 M1 I 0 0 0
2 J 0 0 0
3 1 M2 I 0 0 0
4 J 0 0 0

Member Section Stresses
LC Member Label Sec Axial[ksi] Shear[ksi] Top Bending[ksi] Bot Bending[ksi]

1 1 M1 1 0 0 0 0
2 2 0 2.866 -4.354 4.354
3 3 0 .519 6.448 -6.448
4 4 0 -1.829 2.265 -2.265
5 5 0 0 0 0
6 1 M2 1 0 0 0 0
7 2 0 2.835 5.462 -5.462
8 3 0 0 16.387 -16.387
9 4 0 -2.835 5.462 -5.462
10 5 0 0 0 0
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1.  Model geometry
This section provides model geometry information, including items such as joint coordinates, joint restraints, and 
element connectivity.

XY X

Z

Y

Z

Figure 1:  Finite element model

1.1.  Joint coordinates

Table 1:  Joint Coordinates
Table 1:  Joint Coordinates

Joint CoordSys CoordType GlobalX GlobalY GlobalZ
in in in

2 GLOBAL Cartesian -96. 0. 0.
3 GLOBAL Cartesian -30. 0. 0.

1.2.  Joint restraints

Table 2:  Joint Restraint Assignments
Table 2:  Joint Restraint Assignments

Joint U1 U2 U3 R1 R2 R3

2 Yes Yes Yes Yes Yes Yes

1.3.  Element connectivity
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Table 3:  Connectivity - Frame
Table 3:  Connectivity - Frame

Frame JointI JointJ Length
in

2 2 3 66.

Table 4:  Frame Section Assignments
Table 4:  Frame Section Assignments

Frame AnalSect DesignSect MatProp

2 W24x176 W24x176 Default

2.  Material properties
This section provides material property information for materials used in the model.

Table 5:  Material Properties 02 - Basic Mechanical Properties
Table 5:  Material Properties 02 - Basic Mechanical Properties

Material UnitWeight UnitMass E1 G12 U12 A1
Kip/in3 Kip-s2/in4 Kip/in2 Kip/in2 1/F

4000Psi 8.6806E-05 2.2483E-07 3604.997 1502.082 0.2 5.5000E-06
A416Gr270 2.8356E-04 7.3446E-07 28500. 6.5000E-06
A615Gr60 2.8356E-04 7.3446E-07 29000. 6.5000E-06
A992Fy50 2.8356E-04 7.3446E-07 29000. 11153.846 0.3 6.5000E-06

Table 6:  Material Properties 03a - Steel Data
Table 6:  Material Properties 03a - Steel Data

Material Fy Fu FinalSlope
Kip/in2 Kip/in2

A992Fy50 50. 65. -0.1

Table 7:  Material Properties 03b - Concrete Data
Table 7:  Material Properties 03b - Concrete Data

Material Fc eFc FinalSlope
Kip/in2 Kip/in2

4000Psi 4. 4. -0.1
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Table 8:  Material Properties 03e - Rebar Data
Table 8:  Material Properties 03e - Rebar Data

Material Fy Fu FinalSlope
Kip/in2 Kip/in2

A615Gr60 60. 90. -0.1

Table 9:  Material Properties 03f - Tendon Data
Table 9:  Material Properties 03f - Tendon Data

Material Fy Fu FinalSlope
Kip/in2 Kip/in2

A416Gr270 245.1 270. -0.1

3.  Section properties
This section provides section property information for objects used in the model.

3.1.  Frames

Table 10:  Frame Section Properties 01 - General, Part 1 of 4
Table 10:  Frame Section Properties 01 - General, Part 1 of 4

SectionName Material Shape t3 t2 tf tw t2b tfb
in in in in in in

FSEC1 A992Fy50 I/Wide Flange 12. 5. 0.38 0.25 5. 0.38
FSEC2 A992Fy50 SD Section

W24x176 A992Fy50 SD Section

Table 10:  Frame Section Properties 01 - General, Part 2 of 4
Table 10:  Frame Section Properties 01 - General, Part 2 of 4

SectionName Area TorsConst I33 I22 I23 AS2 AS3
in2 in4 in4 in4 in4 in2 in2

FSEC1 6.61 0.23 157.9 7.93 0. 3. 3.17
FSEC2 248.65 47526.35 47471.06 18716.85 0. 187.89 211.44

W24x176 179.32 21650.16 22839.08 8576.52 0. 130.32 153.67

Table 10:  Frame Section Properties 01 - General, Part 3 of 4
Table 10:  Frame Section Properties 01 - General, Part 3 of 4

SectionName S33 S22 Z33 Z22 R33 R22
in3 in3 in3 in3 in in

FSEC1 26.32 3.17 29.97 4.93 4.8876 1.0954
FSEC2 1949.53 1134.35 2180.9 1187.13 13.8172 8.6761

W24x176 1141.95 635.3 1330.93 688.69 11.2856 6.9158
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Table 10:  Frame Section Properties 01 - General, Part 4 of 4
Table 10:  Frame Section Properties 01 - General, Part 4 of 4

SectionName AMod A2Mod A3Mod JMod I2Mod I3Mod MMod WMod

FSEC1 1. 1. 1. 1. 1. 1. 1. 1.
FSEC2 1. 1. 1. 1. 1. 1. 1. 1.

W24x176 1. 1. 1. 1. 1. 1. 1. 1.

Table 11:  Frame Property Modifiers, Part 1 of 2
Table 11:  Frame Property Modifiers, Part 1 of 2

Frame AMod AS2Mod AS3Mod JMod I22Mod I33Mod MassMod WeightMod

2 1. 1. 1. 1. 1. 1. 1. 1.

Table 11:  Frame Property Modifiers, Part 2 of 2
Table 11:  Frame Property Modifiers, Part 

2 of 2
Frame EAModifier EIModifier

2 0.8 0.8

3.2.  Solids

Table 12:  Solid Property Definitions
Table 12:  Solid Property Definitions

SolidProp Material MatAngleA MatAngleB MatAngleC
Degrees Degrees Degrees

Solid1 4000Psi 0. 0. 0.

4.  Load patterns
This section provides loading information as applied to the model.

4.1.  Definitions

Table 13:  Load Pattern Definitions
Table 13:  Load Pattern Definitions

LoadPat DesignType SelfWtMult AutoLoad

DEAD Dead 1.
bracing Live 0.
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5.  Load cases
This section provides load case information.

5.1.  Definitions

Table 14:  Load Case Definitions, Part 1 of 2
Table 14:  Load Case Definitions, Part 1 of 2

Case Type InitialCond ModalCase BaseCase MassSource DesActOpt

DEAD LinStatic Zero Prog Det
MODAL LinModal Zero Prog Det
bracing LinStatic Zero Prog Det

Table 14:  Load Case Definitions, Part 2 of 2
Table 14:  Load Case 
Definitions, Part 2 of 2
Case DesignAct

DEAD Non-Compos
ite

MODAL Other
bracing Short-Term 

Composite

5.2.  Static case load assignments

Table 15:  Case - Static 1 - Load Assignments
Table 15:  Case - Static 1 - Load Assignments

Case LoadType LoadName LoadSF

DEAD Load pattern DEAD 1.
bracing Load pattern bracing 1.

5.3.  Response spectrum case load assignments

Table 16:  Function - Response Spectrum - User
Table 16:  Function - Response Spectrum - User

Name Period Accel FuncDamp
Sec

UNIFRS 0. 1. 0.05
UNIFRS 1. 1.
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6.  Load combinations
This section provides load combination information.

Table 17:  Combination Definitions
Table 17:  Combination Definitions

ComboName ComboType CaseName ScaleFactor

COMB1 Linear Add bracing 1.
DSTL1 Linear Add DEAD 1.
DSTL2 Linear Add DEAD 1.
DSTL2 bracing 1.
DSTL3 Linear Add DEAD 1.
DSTL4 Linear Add DEAD 1.
DSTL4 bracing 1.
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7.  Structure results
This section provides structure results, including items such as structural periods and base reactions.

XY X

Z

Y

Z

Figure 2:  Deformed shape

7.1.  Mass summary

Table 18:  Assembled Joint Masses, Part 1 of 2
Table 18:  Assembled Joint Masses, Part 1 of 2

Joint MassSource U1 U2 U3 R1 R2 R3 CenterX
Kip-s2/in Kip-s2/in Kip-s2/in Kip-in-s2 Kip-in-s2 Kip-in-s2 in

2 MSSSRC1 0.0089 0.0089 0.0089 0. 0. 0. -96.
3 MSSSRC1 0.0089 0.0089 0.0089 0. 0. 0. -30.

SumAccelUX MSSSRC1 0.0178 0. 0. 0. 0. 0. -63.
SumAccelUY MSSSRC1 0. 0.0178 0. 0. 0. 0. -63.
SumAccelUZ MSSSRC1 0. 0. 0.0178 0. 0. 0. -63.

Table 18:  Assembled Joint Masses, Part 2 of 2
Table 18:  Assembled Joint Masses, Part 2 of 2

Joint MassSource CenterY CenterZ
in in

2 MSSSRC1 0. 0.
3 MSSSRC1 0. 0.

SumAccelUX MSSSRC1 0. 0.
SumAccelUY MSSSRC1 0. 0.
SumAccelUZ MSSSRC1 0. 0.

7.2.  Modal results

Table 19:  Modal Participating Mass Ratios
Table 19:  Modal Participating Mass Ratios

OutputCase StepNum Period UX UY UZ SumUX SumUY SumUZ
Sec

MODAL 1. 0.013502 0. 1. 0. 0. 1. 0.
MODAL 2. 0.008906 0. 0. 1. 0. 1. 1.
MODAL 3. 0.002358 1. 0. 0. 1. 1. 1.
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7.3.  Base reactions

Table 20:  Base Reactions
Table 20:  Base Reactions

OutputCase GlobalFX GlobalFY GlobalFZ GlobalMX GlobalMY GlobalMZ
Kip Kip Kip Kip-in Kip-in Kip-in

DEAD 0. 0. 6.856 0. 431.915 0.
bracing 0. 0. 873.125 0. 55006.875 0.

8.  Joint results
This section provides joint results, including items such as displacements and reactions.

Table 21:  Joint Displacements
Table 21:  Joint Displacements

Joint OutputCase U1 U2 U3 R1 R2 R3
in in in Radians Radians Radians

2 DEAD 0. 0. 0. 0. 0. 0.
2 bracing 0. 0. 0. 0. 0. 0.
3 DEAD 0. 0. -0.000621 0. 9.394E-06 0.
3 bracing 0. 0. -0.07904 0. 0.001196 0.

Table 22:  Joint Reactions
Table 22:  Joint Reactions

Joint OutputCase F1 F2 F3 M1 M2 M3
Kip Kip Kip Kip-in Kip-in Kip-in

2 DEAD 0. 0. 6.856 0. -226.241 0.
2 bracing 0. 0. 873.125 0. -28813.125 0.

9.  Frame results
This section provides frame force results.

Table 23:  Element Forces - Frames, Part 1 of 2
Table 23:  Element Forces - Frames, Part 1 of 2

Frame Station OutputCase P V2 V3
in Kip Kip Kip

2 0. DEAD 0. -6.856 0.
2 22. DEAD 0. -4.571 0.
2 44. DEAD 0. -2.285 0.
2 66. DEAD 0. -5.551E-17 0.
2 0. bracing 0. -873.125 0.
2 22. bracing 0. -582.083 0.
2 44. bracing 0. -291.042 0.
2 66. bracing 0. -8.882E-14 0.
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Table 23:  Element Forces - Frames, Part 2 of 2
Table 23:  Element Forces - Frames, Part 2 of 2

Frame Station OutputCase T M2 M3
in Kip-in Kip-in Kip-in

2 0. DEAD 0. 0. -226.241
2 22. DEAD 0. 0. -100.552
2 44. DEAD 0. 0. -25.138
2 66. DEAD 0. 0. 2.265E-14
2 0. bracing 0. 0. -28813.125
2 22. bracing 0. 0. -12805.833
2 44. bracing 0. 0. -3201.458
2 66. bracing 0. 0. 4.661E-12

10.  Material take-off
This section provides a material take-off.

Table 24:  Material List 2 - By Section Property
Table 24:  Material List 2 - By Section Property

Section ObjectType NumPieces TotalLength TotalWeight
in Kip

W24x176 Frame 1 66. 6.856

11.  Design preferences
This section provides the design preferences for each type of design, which typically include material reduction 
factors, framing type, stress ratio limit, deflection limits, and other code specific items.

11.1.  Steel design

Table 25:  Preferences - Steel Design - AISC 360-10, Part 1 of 4
Table 25:  Preferences - Steel Design - AISC 360-10, Part 1 of 4

THDesign FrameType PatLLF SRatioLimit MaxIter SDC SeisCode SeisLoad ImpFactor

Envelopes SMF 0.75 0.95 1 D Yes Yes 1.

Table 25:  Preferences - Steel Design - AISC 360-10, Part 2 of 4
Table 25:  Preferences - Steel Design - AISC 360-10, Part 2 of 4

SystemRho SystemSds SystemR SystemCd Omega0 Provision AMethod SOMethod SRMethod

1. 0.5 8. 5.5 3. ASD Direct 
Analysis

General 2nd 
Order

Tau-b Fixed
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Table 25:  Preferences - Steel Design - AISC 360-10, Part 3 of 4
Table 25:  Preferences - Steel Design - AISC 360-10, Part 3 of 4

NLCoeff OmegaB OmegaC OmegaTY OmegaTF OmegaV OmegaVRoll
edI

OmegaVT PlugWeld

0.002 1.67 1.67 1.67 2. 1.67 1.5 1.67 Yes

Table 25:  Preferences - Steel Design - AISC 360-10, Part 4 of 4
Table 25:  Preferences - Steel Design - AISC 360-10, Part 4 of 4

HSSWelding HSSReduce
T

CheckDefl DLRat SDLAndLLR
at

LLRat TotalRat NetRat

ERW No No 120. 120. 360. 240. 240.

11.2.  Concrete design

Table 26:  Preferences - Concrete Design - ACI 318-14, Part 1 of 2
Table 26:  Preferences - Concrete Design - ACI 318-14, Part 1 of 2

THDesign NumCurves NumPoints MinEccen PatLLF UFLimit SeisCat Rho Sds

Envelopes 24 11 Yes 0.75 0.95 D 1. 0.5

Table 26:  Preferences - Concrete Design - ACI 318-14, Part 2 of 2
Table 26:  Preferences - Concrete Design - ACI 318-14, Part 2 of 2

PhiT PhiCTied PhiCSpiral PhiV PhiVSeismi
c

PhiVJoint

0.9 0.65 0.75 0.75 0.6 0.85

11.3.  Aluminum design

Table 27:  Preferences - Aluminum Design - AA-ASD 2000
Table 27:  Preferences - Aluminum Design - AA-ASD 2000
FrameType SRatioLimit LatFact UseLatFact

Moment Frame 1. 1.333333 No

11.4.  Cold formed design
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Table 28:  Preferences - Cold Formed Design - AISI-ASD96
Table 28:  Preferences - Cold Formed Design - AISI-ASD96

FrameType SRatioLim
it

OmegaBS OmegaBU
S

OmegaBL
TB

OmegaVS OmegaVN
S

OmegaT OmegaC

Braced Frame 1. 1.67 1.67 1.67 1.67 1.5 1.67 1.8

12.  Design overwrites
This section provides the design overwrites for each type of design, which are assigned to individual members of the 
structure.

12.1.  Steel design

Table 29:  Overwrites - Steel Design - AISC 360-10, Part 1 of 7
Table 29:  Overwrites - Steel Design - AISC 360-10, Part 1 of 7

Frame DesignSect FrameType Fy RLLF AreaRatio XLMajor
Kip/in2

2 Program Determined Program Determined 0. 0. 0. 0.

Table 29:  Overwrites - Steel Design - AISC 360-10, Part 2 of 7
Table 29:  Overwrites - Steel Design - AISC 360-10, Part 2 of 7

Frame XLMinor XLLTB K1Major K1Minor K2Major K2Minor KLTB

2 0. 0. 0. 0. 0. 0. 0.

Table 29:  Overwrites - Steel Design - AISC 360-10, Part 3 of 7
Table 29:  Overwrites - Steel Design - AISC 360-10, Part 3 of 7

Frame CmMajor CmMinor Cb B1Major B1Minor B2Major B2Minor

2 0. 0. 0. 0. 0. 0. 0.

Table 29:  Overwrites - Steel Design - AISC 360-10, Part 4 of 7
Table 29:  Overwrites - Steel Design - AISC 360-10, Part 4 of 7

Frame HSSReduce
T

HSSWelding Omega0 Ry Pnc Pnt Mn3

Kip Kip Kip-in
2 Program 

Determined
Program 

Determined
0. 0. 0. 0. 0.
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Table 29:  Overwrites - Steel Design - AISC 360-10, Part 5 of 7
Table 29:  Overwrites - Steel Design - AISC 360-10, Part 5 of 7

Frame Mn2 Vn2 Vn3 CheckDefl DeflType DLRat SDLAndLLR
at

Kip-in Kip Kip
2 0. 0. 0. Program 

Determined
Program Determined 0. 0.

Table 29:  Overwrites - Steel Design - AISC 360-10, Part 6 of 7
Table 29:  Overwrites - Steel Design - AISC 360-10, Part 6 of 7

Frame LLRat TotalRat NetRat DLAbs SDLAndLLA
bs

LLAbs TotalAbs

in in in in
2 0. 0. 0. 0. 0. 0. 0.

Table 29:  Overwrites - Steel Design - AISC 360-10, Part 7 of 7
Table 29:  Overwrites - Steel Design - AISC 360-10, Part 7 of 7

Frame NetAbs SpecCambe
r

DCLimit

in in
2 0. 0. 0.
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  Sheet No. _______ of _______
MUESER RUTLEDGE CONSULTING ENGINEERS   File: 12541

Made By: SK Date : 12/13/2018
For : FIRST STREET TURNING BASIN Checked By: Date :
Subject: Strut @ El. -20 _ seperated section

Beam Steel Design Method:
Add Self Weight: No

**** DATA INPUT ****   (Enter unfactored loads for ASD and factored loads for LRFD and AASHTO)
Axial Force P (kips): 1750.0
Bending Moment Mx (kip-ft): 0.0
Bending Moment My (kip-ft): 0.0
Shear (weak axis) Vx (kips): 0.0
Shear (strong axis) Vy (kips): 0.0
Unbraced Length Lx (ft): 0.00
Unbraced Length Ly (ft): 0.00
Unsupp.L.compr.flange Lb (ft): 0.00
Length Factor Kx: 1.00
Length Factor Ky: 1.00
Mem Angle w/hor Alpha (deg): 0.00
Web angle w/ ver Beta (deg): 0.00
Steel Strength Fy (ksi): 50.00

Bending Coefficient: Cb = 1.00 1.00 1.00

**** SECTION PROPERTIES ****
<<<<<   MEMBER IS HP16x162   >>>>>

A (in^2) = 47.70 rts (in) = 4.45 Unbraced Length Criteria
d (in) = 16.30 tw (in) = 1.00 Lp (ft) = 13.49

bf (in) = 16.10 tf (in) = 1.00 Lr (ft) = 60.28
Sx (in^3) = 269.00 Zx (in^3) = 306.00
Sy (in^3) = 86.60 Zy (in^3) = 134.00

**** ANALYSIS RESULTS ****
Computed Moment Mx (kip-ft): 0.0 Computed Shear Vx (kip): 0.0
Computed Moment My (kip-ft): 0.0 Computed Shear Vy (kip): 0.0

Computed Axial fa (ksi): 36.69
Computed Bending fbx (ksi): 0.00 Computed Shear Stress fvx (ksi): 0.00
Computed Bending fby (ksi): 0.00 Computed Shear Stress fvy (ksi): 0.00

Axial Capacity Pc (kip): 1428.1 P/Pc = 1.23
Bending Capacity Mcx (kip-ft): 763.5 Mx/Mcx = 0.00
Bending Capacity Mcy (kip-ft): 334.3 My/Mcy = 0.00
Shear Capacity Vcx (kip): 289.2 Vx/Vcx = 0.00
Shear Capacity Vcy (kip): 326.0 Vy/Vcy = 0.00

**** COMBINED LOADING CHECK ****
For P/Pc >= 0.2:

P/Pc + 8/9 * (Mx/Mcx + My/Mcy) = 1.23

ASD - 14th Ed. LRFD - 14th Ed. ASD - 9th Ed. AASHTO

Since no reduction is considered for liquefaction case:
Combined loading check: 1.23/1.67 = 0.73 : OK
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CHECK CONCENTRATED FORCES AT STRUT LOCATIONS (AISC 15  EDITION)

d in tw in tf in Fy ksiBeam Properties:
W24x176 k in T in bf in E ksi

Length of bearing N in

Concentrated Force P kip (Loads from strut)

Web Local Yielding
J10-2

Ωw Note:  concentrated force applied < d/2 away from member end

Available
Strength

Ryield
Ωw

k N( ) Fy tw Ryield kip

Note:  force applied > d/2 away from member end

Ωw
k N( ) Fy tw kip

Web Crippling
J10-4

Ωw Note:  concentrated force applied < d/2 away from member end

Available
Strength

Rcripple
Ωw

tw
E Fy tf

tw
if

N

d

N

d

tw

tf

N

d

tw

tf

Rcripple kip

Note:  force applied > d/2 away from member end

Ωw
tw

N

d

tw

tf

E Fy tf

tw
kip

Controlling Available Strength Rn min Ryield Rcripple Rn kip

Stiff_Check if P Rn

Stiff_Check Stiffeners req'd
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skundu
Typewritten Text
See Sheet 151 (Bracing Summary - Permanent Condition)



Design of stiffener plates: per AISC ASD - Section K1.8

Stiffener plate properties:

Thickness of stiffener plate: tp in

Effective area of section: A tw tw tp d tw A in

Moment of inertia of section about the x-axis:

Ix tw tw tp d tw Ix in

Radius of gyration about the x-axis: rx
Ix

A
rx in

Determine slenderness ratio: K L d tf

Cs
K L

rx
Cs

Calculate allowable stress: AISC ASD 9th Edition - Section E2 E ksi

Check: Cc
π E

Fy
Cc > Cs

Allowable stress: Fa

Cs

Cc

Fy

Cs

Cc

Cs

Cc

Fa ksi

Allowable axial load: Fa A kip> P/2=875 kip OOK

Therefore, PROVIDE 0.75" STIFFENER PLATES, B.S. of W24x176 web
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Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: S1      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: F-liq      Model: S=f(depth)      Unit Weight: 115 pcf     C-Top of Layer: 80 psf     C-Rate of Change: 1.82 psf/ft     Limiting C: 100 psf     
Name: S1liq      Model: Undrained (Phi=0)      Unit Weight: 120 pcf     Cohesion: 230 psf     
Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
Name: Bentonite      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
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Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: S1      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     

Distance
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350

El
ev

at
io

n

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

Section B-B Case 1: North-South Temporary Construction 220 of 231



F

F

S1

S1

S1

S2

Till

S1

S1Bentonite
F
F

F

F OBentonite
S1F Bentonite

F

3.4

Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
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Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
Name: Bentonite      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
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Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: S1      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: F-liq      Model: S=f(depth)      Unit Weight: 115 pcf     C-Top of Layer: 80 psf     C-Rate of Change: 1.82 psf/ft     Limiting C: 100 psf     
Name: S1liq      Model: S=f(depth)      Unit Weight: 120 pcf     C-Top of Layer: 190 psf     C-Rate of Change: 2.83 psf/ft     Limiting C: 275 psf     
Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
Name: Bentonite      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
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Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     

Distance
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Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: S1      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
Name: Bentonite      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     

Distance
-250 -240 -230 -220 -210 -200 -190 -180 -170 -160 -150-140 -130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110
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Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: S1      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: F-liq      Model: S=f(depth)      Unit Weight: 115 pcf     C-Top of Layer: 80 psf     C-Rate of Change: 1.82 psf/ft     Limiting C: 100 psf     
Name: S1liq      Model: S=f(depth)      Unit Weight: 120 pcf     C-Top of Layer: 190 psf     C-Rate of Change: 2.83 psf/ft     Limiting C: 275 psf     
Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
Name: Bentonite      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     

Distance
-250 -240 -230 -220 -210 -200 -190 -180 -170 -160 -150-140 -130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110

El
ev

at
io

n

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

Section B-B Case 3: South-North Seismic
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Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: S1      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     

Distance
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350
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Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: S1      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
Name: Bentonite      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     

Distance
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350
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Section C-C Case 2: North-South Service
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Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: S1      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: F-liq      Model: S=f(depth)      Unit Weight: 115 pcf     C-Top of Layer: 80 psf     C-Rate of Change: 1.82 psf/ft     Limiting C: 100 psf     
Name: S1liq      Model: S=f(depth)      Unit Weight: 120 pcf     C-Top of Layer: 190 psf     C-Rate of Change: 2.83 psf/ft     Limiting C: 275 psf     
Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
Name: Bentonite      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
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Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: S1      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     

Distance
-250 -240 -230 -220 -210 -200 -190 -180 -170 -160 -150 -140 -130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110
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Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: S1      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
Name: Bentonite      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     

Distance
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Section C-C Case 2: South-North Service
230 of 231



F-liq
S1

S1liq

Till

S1liqBentoniteBentonite
F
F-liq

F

O

S1

S1

S2

S1

F
F

1.8

Name: F      Model: Mohr-Coulomb      Unit Weight: 115 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: S1      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     
Name: F-liq      Model: S=f(depth)      Unit Weight: 115 pcf     C-Top of Layer: 80 psf     C-Rate of Change: 1.82 psf/ft     Limiting C: 100 psf     
Name: S1liq      Model: S=f(depth)      Unit Weight: 120 pcf     C-Top of Layer: 190 psf     C-Rate of Change: 2.83 psf/ft     Limiting C: 275 psf     
Name: S2      Model: Mohr-Coulomb      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: Till      Model: Mohr-Coulomb      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: O      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     
Name: Bentonite      Model: Undrained (Phi=0)      Unit Weight: 90 pcf     Cohesion: 400 psf     

Distance
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